Part Two
Region-wide
Factors For Decline

2.1 Introduction

Likedl Pacific sdlmon, summer chum salmon are
influenced by a variety of factors, with both
positive and negative consequences for their
overall survival. Part Two provides agenera
andysisof thosefactorsthat most likely have been
respons blefor theabrupt declinein summer chum
salmon abundance that has occurred in Hood
Cana streamsin the late 1970s and in Strait of
Juan de Fuca streams a decade later. The basic
approachisto examineavariety of region-widefactorspotentially affecting production, both natural and
human caused, to identify those that changein concert with the recent summer chum salmon decline. Part
Three of thisrecovery plan will identify more specific factors for decline and will present recovery
drategies, under the generd categoriesof artificia production, ecologica interactions, habitat, and harvest
management.

“The basic approach is to examine a
variety of region-wide factors
potentially affecting production, both
natural and human caused, to identify
those that change in concert with the
recent summer chum salmon decline.”

Whilethisdiscussionfocusesonindividua factorsfor decline, the observed reductionsin the numbers of
summer chum salmon in the region arethe result of the combined impacts of anumber of factors. When
two or moreimpacts occur that negatively affect the surviva or theresilience of asalmon population there
may beasynergistic effect, wherethereisagreater overall lossthan an observed changeinanindividua
aurviva factor. Anexampleof such anamplification of impactsmight beif ahabitat ateration substantially
reducestheincubation surviva of the eggsand alevinsin astream (e.g., through increased siltation or
flooding), and the subsequent predation on the surviving fry becomeshigher than normal because predators
take anincreased proportion of the reduced prey population. The combined impact (total mortality) would
be higher than just the change in incubation survival would suggest.

The factorsidentified here may not include all of the e ements that need to be addressed for recovery of
these summer chum stocks. Thosefactorsimplicated in the recent abrupt decline of summer chum salmon
will not necessarily include those effectsthat over time, gradudly and cumulatively impact sdmon survivals.
For example, there has been along history of negative anthropogeni c habitat-rel ated impacts affecting
samon populations, and many of these have occurred prior to the period of decline addressed here (section
3.4). Additionally, nearly two decades have passed since the beginning of the decline of summer chum,
and abroader range of negative conditionsnow exist. All known negative factors must be addressed to
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effect therecovery, sability, and sustainability of Hood Cand and the Strait of Juan de Fucasummer chum
salmon stocks.

2.2 Negative Impacts On Abundance

2.2.1 Introduction

Thefollowing section will examinethosefactorsthat can influence summer chum salmon abundanceinan
attempt to identify specific sources of mortality that have contributed to the declines of Hood Cand and
the Strait of Juan de Fucasummer chum samon. There are severa generd conclusions, however, that can
be reached through asimple examination of the escapement dataand run sizedatain Table 1.5and Table
1.6 (see section 1.5, Period of Decline discussioninPart One). Firdt, thefactorsfor decline are probably
different for thetwo regionsinvolved; Hood Cand and the Strait of Juan de Fuca. The drop in abundance
of summer chum salmon has occurred ten years apart in the two regions; 1979 for Hood Cand streams,
versus 1989 for Strait of Juan de Fucastreams. Thisis probably because of differencesintheseregions,
they havedistinctly different climates, stream habitat types, habitat problems, and fishery exploitation
patterns. The second observation isthat the data suggest that the factorsfor decline affect every chum
salmon return year, and do not seem to have a short term cyclic component. Thisinformation is useful
because short term cyclic effects can be discounted in the following examination of limiting factors(e.g.,
the every other year presence of pink salmon can be eliminated as a potential negative impact). If there
isacyclic dement involved in the decline of summer chum salmon, it likely has adecada or longer pulse.

Potential factors affecting production will be examined individualy in the following four categories: 1)
climate, 2) ecological interactions, 3) habitat, and 4) harvest. This section will end with aconclusions
discussion that will examinethe combined impacts of factorsfor decline, and will evaluatethereative
importance of various factors.

2.2.2 Climate

Thewesk returns of summer chum salmonin 1979 to both Hood Cana and Strait of Juan de Fucastreams
reflected abroad failure of nearly all Washington State wild summer and fall chum stocks. All regions of
the state experienced record low returns of chum salmon, and the satewide harvestin 1979 wasthe lowest
recorded for the speciesin 60 years (Johnson et al. 1997). The Strait of Juan de Fucaand Union River
(Hood Cand) summer chum salmon stocksimmediately recovered from thelow returnsin 1979, but the
other popul ations of summer chum salmon in Hood Canal failed to recover and in most cases declined
further over the next several years. The Strait of Juan de Fuca stocks began to decline a decade later.
This pattern of mgjor decline and subsequent continuing low popul ation abundance beginning in Hood
Cand in 1979 wasredlatively cond stent across anumber of streamswith varying environments and habitat
types. The uniform nature of these declines suggests the need to assess the possibility of aregiona
environmental impact, in fresh and/or marine waters.
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Locd stocksof summer chum samon may be particularly susceptibleto changesin climate. Thesefishare
the southernmost representatives of summer-timed chum salmon in the northeast Pacific region, may
naturally lead asomewhat tenuous existence, and may be lessresilient when facing a changing environment.
Changesin ocean, estuarine, or freshwater conditionsthat may have amodest impact on fal chum samon
could be amajor limiting factor for summer chum salmon.

2.2.2.1 Ocean Effects (ENSO and PDO)

The phenomenaof the El Nifio-Southern Oscillation (ENSO) and the Pecific Decada Oscillation (PDO)
havereceived agrest dedl of recent attention in the Pacific Northwest (PNW) fisheries community because
of increasing evidence that these fluctuationsin ocean conditions can have profound effects on the growth
and survival of Pacific salmon and other types of fish (see Emmett and Schiewe 1997).

El Nifio-Southern Oscillation events begin as
warming episodesinthetropica Pacific zoneand
canresultinlargescaeintrusionsof anomaousy
warm marine water northward along the PNW
coastline. The effects of these warm water
intrusonsarefdt aong the Washington and British
Columbiacoast for aoneto two year durationin
anirregular periodicity of every two to seven years
(Mysak 1986). ENSO episodes vary greatly in
intengity, and have been shown to impact samonid
marinegrowth and surviva (e. g. food abundance
and predator impacts change), and can additionaly affect the freshwater environment. ENSO impactson
salmonid growth and survival can vary by species and locale (e. g., negative for Oregon coastal coho
salmon (Pearcy 1992), positivefor British Columbiasockeye salmon (Mysak 1986)). ENSO conditions
are associated with generaly warmer and drier weather conditions along the PNW coastal zone, and can
cause reduced snow pack and lower stream flows in western Washington State (Mantua, undated).

El Niflo-Southern Oscillation (ENSO)

A climate event that begins as a
warming episode in the tropical Pacific
zone and can result in large scale
intrusionsof anomalously warmmarine
water northward along the PNW
coastline.

The Pacific Decadal Oscillation is a pattern of
climate and ocean condition regimesoccurringin

the north Pacific Ocean (associated with the Pacific Decadal Oscillation (PDO)

Aleutian low pressure system) that resultsin shifts

in sea surface temperatures and plankton A pattern of climate and ocean
abundance on adecadd time scle (Mantuaet a. condition regimes occurring in the
1997). The 20 to 40 year regimes in the PDO north Pacific Ocean (associated with

the Aleutian low pressure system) that
results in shifts in sea surface
temperatures and plankton abundance
on a decadal time scale.

have been shown to relate directly to the
abundance of Alaskan pink and sockeye salmon
(Francisand Hare 1997). The most recent shift
occurred in 1977 (Ebbesmeyer et a. 1989), and
resulted in warmer coastal sea temperatures,
cooler central Pacific seatemperatures, and more
abundant plankton resources which contributed to
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strong returns of Alaskan sadmoninthelast two decades (Francisand Hare 1997). Themost recent PDO
shift has been shown to relate to generd increasesin production of pink, chum and sockeye sdmoninthe
North Pacific Ocean (Beamish and Bouillion 1993), and more specificdly to Fraser River sockeye sdmon
(Beamish et d. 1997). Whilethe PDO can have asubstantid effect on the growth and survival of sadmon
during their migrations and feeding in the north Pacific Ocean, the phenomenon can also haveamajor
influence on the freshwater environment along the PNW coast, including Washington State. Air
temperatures, wind conditions, and precipitation are locally affected by the PDO (Mantua et al. 1997).

Theinfluence of PDO regime shifts on the abundance of zooplankton and on subsequent sdmon production
inthe North Pacific Ocean has been demonstrated (Francisand Hare 1997). Theavailabledatafor Hood
Cand and Strait of Juan de Fuca summer chum salmon areinsufficient to examine the possibility of impacts
of PDO changes on the marine survivasof thesefish. However, naturally produced fall chum stocksin
Puget Sound and Hood Cand have increased in abundance since 1977, and now approach historiclevels
(Johnson et a. 1997). Additionally, returns of fall chum salmon to established Puget Sound hatchery
facilities (e.g., Hoodsport, and Minter Creek), show that marine survivasfollowing the PDO shiftin 1977
ranged from normal to above normd. If weassumefall and summer chum salmon are subject to similar
ocean effects, the success of fall chum salmon would suggest that unusual ocean mortality has not
contributed to the summer chum salmon declines. The successof fall chum salmon aso seemsto discount
the possibility that ENSO eventshave negatively impacted marine survivals, and thusit appearsto be
unlikely that ENSO related ocean survival conditionsareasignificant contributor to thedecline of summer
chum salmon.

2.2.2.2 Estuarine Effects

Ebbesmeyer et d. (1989) has described the relationship between PDO regimes and conditionsin the Puget
Sound region; showing linkageswith patternsof precipitation, freshwater runoff, saltwater temperatures,
and currentsin Puget Sound. Since 1977, the PDO has been in apositive Sate, which corrdates with less
precipitationinwestern Washington, decreasing freshwater runoff, and faster inflow of marinewater into
the Puget Sound basin from mid-depth to bottom. Thesefactorscould change conditionsin estuarine
areas of Hood Canal and Strait of Juan de Fuca, and ateration of conditionsthat potentially affect the
survivasof summer chum salmon (e.g., estuarinetemperature, salinity, or food production), may have
contributed to the observed declines. Thereare, however, no dataavailableto measure such change, and
like ocean effects, theinfluence of estuarine conditions on summer chum survivasis currently not known.

2.2.2.3 Freshwater Effects

Stream flowsare aprimary force controlling the surviva of sdmon in the sream environment. For summer
chum salmon, the critical periods are during spawning (September - October) and during theintragravel
incubation of eggsand devins (November - March). Since chum salmon juvenilesdo not typicdly rear in
freshwater, stream flows during the spring and summer months presumably havelessimpact onsurvivals,
possibly influencing fry emigration (February - April) and the upstream migration of the earliest arriving
adultsin August. Thefollowing examination of stream flow impacts on summer chum salmon will focuson
the spawning and incubation periods.
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Because adult summer chum salmon enter streams and spawn during the lowest flow period of the year,
they are particularly vulnerableto any reductionsin stream flow. Severdly low flowscan limit accessto the
better spawning siteswithin the stream channel; causing spawning salmon to utilize sub-optimum areas,
which can result in reduced egg to fry survivals (Ames and Beecher 1995). The possible negative
conseguences of poor redd site selection can be reduced egg and devin survivas because of factorslike
inadequate intergravel flow and increased exposure to the effects of winter floods.

Winter stream flows can have substantial adverse effects on chum salmon survival, associated with the
mortality of incubating eggsand devins caused by streambed scouring and increased siltation. The nature
of flow related impacts on incubating chum salmon eggs and devins has been defined for chum salmon at
Big Qudicum River, British Columbiaby Lister and Walker (1966) (see Table 2.1). They demonstrate
an inverse rel ationship between incubation survival and the peak flow that occurs during incubation, with
egg to fry survivas at Big Qudicum varying fivefold; from 25% with no flood, to 5% with flood conditions.
The authors identify instream flow and resultant streambed scour to be the mgjor factor influencing the
freshwater survival rate of chum salmon.

The sameflow/survival relationship has also been shown for salmonidsin Washington State; sockeye
salmon in the Cedar River (Thorne and Ames 1987), and chinook and coho salmon in the Skagit and
Clearwater riversrespectively (Dave Seller, WDFW, persond communication). The mechanicsof stream
bed scour and the effects on chum salmon egg pockets and intergravel survival are described by
Montgomery et d. (1996) from studies on Kennedy Creek in southern Puget Sound. Any changesinthe
magnitude of winter flows can have a direct effect on the success of summer chum salmon.

Table2.1. Chum salmon survival from actual egg deposition to fry
migration in relation to discharge extremes during incubation, Big
Qualicum River, 1959-64 (from Lister and Walker 1966).
Maximum daily dischar ge (cfs) Per cent
during_) incubation survival  (brood year)
393 252 (1964)
800 259 (1963)
1,260 17.8 (1961)
1,360 18.2 (1959)
2,000 9.6 (1962)
3,200 5.3 (1960)

For the present analysis, U.S. Geologica Survey (USGS) stream discharge records have been examined
tolook for possi ble rel ationshi ps between summer chum salmon abundance and the effects of climateon
critica streamflows(Appendix Table2.1). Several stream discharge data bases have been examined for
1) any evidence explaining the abrupt drop in Hood Canal summer chum salmon in 1979, 2) any
relationship between flows and the 1989 drop in Strait of Juan de Fuca summer chum salmon abundance,
and 3) any general changesin stream flowsthat relate to the PDO shift in 1977. The absence of surviva
rate datafor summer chum salmon precludesthe use of traditional correlation analysesto examinethe
possi blere ationshi psbetween stream flows and the surviva s of summer chum salmon. Insteed, variations
in mean flows for periods of years before and after observed changes in the climate or summer chum
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salmon abundance have been examined. Any evidence of change, or lack of change, in the stream flow
data has been tested for statistical significance (one tailed t-test).

Puget Sound Stream Flow Index - Gallagher (1979) has devel oped a data base of freshwater and
marine environmenta variablesfor hisstudy of thefactorsaffecting thelife histories of Puget Sound chum
and pink salmon. WDFW annually updates, and in some cases modifies, this database for usein
forecasting annual returns of chum and pink salmon to Puget Sound. One of the more useful stream
discharge parametersthat has been devel oped by Gallagher isthe percent deviation from the mean of the
lowest and highest ten consecutive days of stream flow, derived from stream discharge datafromanumber
of USGS stream gages on mgjor river systemsin the Puget Sound region. This Puget Sound Stream Fow
Index (PSSFI) data base has not been updated in recent years, however the 1959 through 1991 water
yearsarerepresented (Appendix Table 2.1). The current PSSFI assembles stream flow data from nine
stream gages (Table 2.2) for severd periods corresponding to summer chum salmon spawning (September
15 - November 14), and incubation stages (November 15 - February 14).

Table2.2. USGS stream gages included in the Pug_]et Sound Stream Flow Index.

North Fork Nooksack River at Glacier Puyallup River at Puyallup

Skagit River at Concrete Skokomish River at Potlatch
Skykomish River at Gold Bar North Fork Skokomish near Potlatch
Snoqualmie River at Carnation Duckabush River near Brinnon

Puyallup River at Orti ng

The PSSFI shows changesin low flows (spawning) that may relateto the recent PDO shift. Theaverage
10-day low flows (Sept. 15 - Nov. 14) coinciding with the summer chum salmon spawning period dropped
inthemid-1970s (Appendix Figure2.1). A comparison of thelow flowsduring thefirst 18 years (1959
1976) of the PSSFI data base with the most recent 15 year period (1977- 1991) shows a statistically
sgnificant change (Appendix Figure2.1). Theaverage pre-1977 low flowsare higher than norma (+9.5%
deviation from the mean), whilethe 1977-1991 low flows are subgtantidly lower than the overdl mean (-
11.5% deviation from the mean). For post-1976 years 11 of 15 years have 10-day low flows below the
1959-1991 average. For thewinter high flow period (Nov. 15 - Feb. 14), the PSSF shows a weaker
potential response to the PDO shift. The higher average 10-day flows from 1959 to 1976 (+6.4%
deviation from the mean), change to lower averageflowsfor the post-1976 years (-7.7% deviation from
the mean) (non-significant; Appendix Figure2.2). Nineof 15years are below the mean during thislater
period.

Theseshiftstolower Puget Sound stream flows during the summer chum salmon spawning and incubation
periods appear to occur in concert with the 1977 regime shift in the ocean climate cycle, and also seemto
correspond with the decline of Hood Cana summer chum samon. Another measure of stream flow, peak
momentary discharge from the same nine USGS gaging stations (1959-1991), does not appear to relate
to the PDO regime shift, showing an approximately equal frequency of above average peak flow events
before and after 1977.

Hood Canal and Strait of Juan de Fuca stream flows - While the PSSFI data seem to show alink
between the PDO and stream flows during the summer chum salmon spawning season, amore direct
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examination of local Hood Canal and Strait of Juan de Fucastream flowsisneeded to identify specific
conditions affecting summer chum salmon stocks. There arejust three USGS stream gages on theregion's
sreamsthat are pertinent to summer chum salmon, and have been in operation from the 1960s to present;
Big Beef Creek, the Duckabush River, and the Dungeness River.

Spawning flows- Mean monthly stream discharge datafor the September-October summer chum
salmon spawning period have been examined for thethree streams. The 1968 through 1993 years have
been sdlected for thisanalysis because that range of years encompassesthe period of the chum salmon data
base avalablefor thesestreams. There aretwo missing yearsfor Big Beef Creek (1968 and 1982), while
the Duckabush and Dungenessrivershave a continuous record for the period (Appendix Table2.1). Even
though these are the only streams with available stream flow records, they can be considered to be
representative of the summer chum salmon streams in Hood Canal and the Strait of Juan de Fuca.

BigBeef Creek isasmall lowland stream that originatesin the central Kitsap Peninsulaat an elevation of
just under 500 feet, and flows northwesterly for ten milesto enter the east shore of Hood Canal. Mean
annua stream discharge rangesfrom 30to 50 cfs (Williams et d. 1975). The watershed has undergone
past logging, andisnow experiencing substantial road and home congtruction. In contrast, the Duckabush
River hasitsorigin high in the Olympic Peninsula, at an elevation of over 5,200 feet. Theriver flowsfor
just over 24 milesin an easterly direction, entering the west shore of Hood Canal. The upper 12.6 miles
(RM 11.5-24.1), and numeroustributaries, arelocated in the Olympic Nationa Park, 9.2 miles(RM 2.3-
11.5) arein the Olympic Nationa Forest, and the lower 2.3 miles flow through mostly private lands.
Average annud stream flow isdightly more than 400 cfs (Johnson et d. 1997). Below the Park boundary,
logging has prevailed on Forest Serviceland, and some home devel opment has occurred along the lower
river.

Thereareno USGSflow gages on the summer chum salmon streams of Discovery and Sequim bays. To
examine eastern Strait of Juan de Fuca stream flow patterns, two sources of data have been used; the
USGS gage on the Dungeness River, and stream flow data collected a the WDFW Snow Creek Research
Station for the years 1977-1992 and 1994 (Appendix Table 2.1, provided by T. H. Johnson and R.
Cooper, WDFW).

Both Snow Creek and the Dungeness River support summer chum salmon, however, thetwo streamsare
very different in character. Snow Creek isasmall, lowland stream that originatesin the foothills of the
Olympic Mountains at an approximate e evation of 2,900 feet, and flows east and north for 10.1 milesto
its confluence with Discovery Bay. The creek is characterized by low stream flow resulting from the
influence of therain shadow effect of the Olympic Mountainrange. The headwatersof Snow Creek (above
RM 6.75) arein the Olympic National Forest and are subject to periodiclogging impacts (Williamset d.
1975). Lower basin land use includes farmland and rural home development. The Dungeness River
originatesa an elevation of gpproximatdy 6,600 feet inthe Olympic Mountainsand flows north for nearly
32 milestoitsmouth on the Strait of Juan deFuca. Average annua DungenessRiver flow isjust under 400
cfs(Johnson et d. 1997). A mgor tributary, the Gray Wolf River, joinsthe Dungeness 15.8 milesabove
itsmouth. Both streamsoriginate highin the Olympic Mountains, and snow melt contributesto summer
and early fal stream flows. Theentirebasin above RM 13.4 isin the Olympic National Forest and Park
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(Williamset d. 1975). Land usepatternsinclude substantia logging on Forest Servicelands, andrurd farm
and home development in the lower basin.

The mean September-October flowsfor Big Beef Creek, and the Duckabush and Dungenessriversdo not
dropin 1977 inrelaionshipto the PDO shift, but instead display relatively uniform flowsuntil asubstantid
reduction in 1986 and subsequent years. Average September-October stream flow declinesfrom 10.8
cfs (1968-1985) to 4.6 cfs (1986-1993) at Big Beef Creek, from an average of 241 to 122 cfsfor the
sametime periods at Duckabush River, and from 203 to 134 cfsat the DungenessRiver. Thechangesin
spawning flows after 1986 are Satistically sgnificant for each of thethree streams (Appendix Figures 2.3-
2.5). The Snow Creek data begin in 1977 and cannot be used to examine the PDO effect.

Table 2.3 partitionsthe mean September-October flowsinto three periodsfor comparison; 1968-1976,
1977-1985, and 1986- 1993. The flows for the two periods, 1968-1976 and 1977-1985, are not
datigticaly different for Big Beef Creek, the Duckabush River, and the Dungeness River (Appendix Table
2.2). Thedrop in discharge during the 1986-1993 period is severe; Big Beef Creek down 57%, the
Duckabush River down 49%, and the Dungeness River down 34%. Thesedifferencesare statistically
sgnificant (Appendix Figure2.3-2.5). Snow Creek followsthe same pattern with agtatisticaly sgnificant
drop from amean flow of 6.6 cfs (1977-1985) to an 1986-1993 mean flow of 3.6 cfs (Appendix Figure
2.6), a45% decline. Withthevery different geomorphology and land use patterns of the four basins, the
smilar magnitude of the changesin flow in theindividua streams suggests abroad climatic change asthe
primary cause for the reduction in discharges.

Table2.3. Mean flow in cfs during September and October in four steams in the Hood Canal and Strait of Juan de
Fucaregion (1968-1993), with (n) = number of years available data.
M ean flow M ean flow M ean flow

Stream 1968-1976 1977-1985 1986-1993
Big Beef Cr. - mean 10.9(8) 10.7 (8) 4.6 (8)

- range 5.0-35.8 5.4-24.6 31-65
Duckabush R. - mean 210.0(9) 2729 (9) 121.9 (8)

- range 101 - 489 90- 376 54 -214
Snow Cr. - mean no data 6.6 (9) 3.6(7)

- range 14-136 18-7.7
Dungeness R. - mean 194.8 (9) 211.0(9) 134.0 (6)

- range 133 - 320 149 - 260 99 - 167

I ncubation flows- For Hood Cana and Strait of Juan de Fuca summer chum salmon streams, only the
USGS gages on the Duckabush and Dungenessrrivers provide a continuousyear-round discharge record
for time periods before and after the PDO shift. It isassumed that the Dungeness River isreasonably
representative of flow patternsfor eastern Strait of Juan de Fuca summer chum salmon streams. Snow
Creek flow data are not suitable for this analysis because the flow record beginsin 1977.
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Theannual peak instantaneous dischargesfor both rivers (Appendix Table 2.2) have been examined for
evidence of changesin incubation period (October-March) flow patterns during the 1968-1995 span of
years. Theaverage Duckabush River pesk instantaneous flow during the nine years preceding the 1977
PDO shift (3,864 cfs) islower than the same value calcul ated for the 19 years following the shift (5,064
cfs) (Appendix Figure2.7). The DungenessRiver has an average peak flow of 2,437 cfsfor the 1968-
1976 period that increasesto an average peak flow of 3,776 cfsfrom 1977 to 1995 (Appendix Figure
2.8). The pattern of peak flowsissmilar for both rivers; substantialy higher average peak flowsfor the
yearssincetheregimeshift. Theflow changefor the Duckabushisnot statisticaly significant, whilethe
change in Dungeness River flow is statistically different (Appendix Table 2.2).

Table 2.4 splits the peak flow data into three periods (1968-1976, 1977-1985, and 1986-1995) to
examinethere ationship between pre-PDO shift flowsand two time periodsfor subsequent years. Average
peak flowsare substantialy higher for both time periodsfollowing the regime shift, however, thereisno
indication of ashift in peak flowsin 1986 corresponding to the observed change in spawning flows
(Appendix Table 2.2). Thisresult seemsto contradict the pattern of positive PDO regimes causing
warmer, drier weather conditionsin the PNW region, andis aso contrary to the PSSFI data (see above)
which shows areduction in 10-day winter high flows after the regime shift. 1t may be that during warmer
conditions, precipitation from mgjor Pacific stormstakes the form of more intenserain events with less
snow fall, resulting in faster runoff and greater peak stream flow events.

Table2.4. Mean and range of peak instantaneous flows in cfs in the Duckabush and Dungeness rivers occurring
between October and March (1968-1995), with (n) = number of years available data.
Peak flow Peak flow Peak flow

Stream 1968-1976 1977-1985 1986-1995
Duckabush R. - mean 3,864 (9) 5,364 (9) 4,793 (10)

- range 1,360-6,090 2,160-7,820 1,910-9,240
Dungeness R. - mean 2,437 (9) 3,768 (9) 3,783 (10)

- range 597-5,150 1,460-6,550 1,300-7,120

2.2.2.4 Conclusions

Climateand its effects on ocean processes and wegther isacomplex subject, and the above analyssisonly
intended to identify genera patterns of climate that may have contributed to the changesin summer chum
sdmon gatus. Thefollowing discusson and Table 2.5 are summarizations of the possible effects of dlimate
change and the potential effects on summer chum salmon.

Ocean Effects

Because of the lack of specific summer chum salmon surviva data, the potential impacts of changesin
ocean productivity related to ENSO events and PDO regime shifts cannot be determined at this time.
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Table2.5. Summary of observed changes in Puget Sound (PSSFI), Hood Canal, and Strait of Juan de Fuca stream
flows.

The 1977 PDO regime shift -
Ocean productivity effects on summer chum salmon survivals are not measurable due to lack of stock production
data.

Stream flows that changed with the 1977 PDO regime shift:

C 10-day low spawning flows declined (Sept. 15 - Nov. 14) for PSSFI.

C 10-day high incubation flows declined (Nov. 15 - Feb 14) for PSSFI.

C Peak instantaneous incubation flows increased in the Duckabush and Dungeness rivers (Oct.-Mar.).

The 1986 flow reductions -

Stream flows that changed in 1986:

C Mean spawning flows declined in Big Beef and Snow creeks, and Duckabush and Dungeness rivers (Sept.-
Oct.).

Estuarine Effects

Regiond climate patterns (e.g., rainfal and air temperatures) have been shown to be affected by changes
in ocean conditionsrelated to ENSO eventsand shiftsin the PDO. These are the type of changesthat can
influence the productive capacity of estuaries, however, at thistimeit isnot known to what degree these
climate shifts may or may not have contributed to the decline of summer chum stocks.

Freshwater Effects

Spawning flows- Along with major ocean changes, shiftsin the PDO have been shown to affect Puget
Sound westher, precipitation, and run-off (Ebbesmeyer et a. 1989). Inthe current "postive’ PDO state,
precipitation and resultant stream dischargeswould be expected to be lower than average. Whilethe Puget
Sound Stream Fow Index shows adrop in spawning season low flows that correspondsto the 1977 PDO
regimeshift, Hood Canal and Strait of Juan de Fucastreams have had stabl e September-October mean
flowsthrough this period of climate change. A notable drop in stream flowsin the region has occurred,
however, in 1986 and flows have continued to be lower in subsequent years.

Two obviousquestionsare: 1) why doesthe PSSH spawning flow index correl atewith the PDO shift while
the Hood Canal and Strait of Juan de Fuca streams do not show asimilar relationship, and 2) do PSSHI
spawning flows show the 1986 drop in stream flows?

The PSSFI percent deviation from the mean 10-day low flow Statistic isdominated by measurementsfrom
largeriver systems(e.g. the Skagit and Puyallup rivers) whose late summer spawning flowsmay belargely
influenced by acombination of snow melt, precipitation, and groundwater. In contrast, Big Beef Creek
and the Duckabush River September and October flows are more likely to result from precipitation and
groundwater, and without asubstantial contribution from snow melt, may beless affected by the PDO
climate shift. Summer stream flows in the Dungeness River are affected by snow melt runoff, but
September-October flows are lower and likely more the result of local precipitation and groundwater
contributions.
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The 1986 drop in stream discharge during the spawning season is apparent in the PSSFI flows. As
discussed above, there has been aclear drop in the PSSH after 1976 (see Appendix Figure 2.1), however,
the two greatest negative deviations from the mean flow occurred in 1986 and 1987, -31.73% and
-45.43% respectively. The PSSFI does not continue at this lower level, however, showing values
averaging -4.9% for the four year period of 1988-1991. The 1986 drop in streams flows may not be
evident in the PSSFI as a continuing condition because of the influence of late summer snow meltinthe
large streams included in thisindex.

I ncubation flows- A fundamental change in peak winter flows has occurred in concert with the 1977
PDO shiftin Hood Canal and Strait of Juan de Fucastreams. Peak instantaneous discharge during the
summer chum salmon incubation period (October-March) hasincreased substantidly, as measured on the
Duckabush (+31%) and Dungeness (+ 55%) rivers. Asstated above, this outcome seems opposed to the
expected pattern of warmer, dryer weather with the current positive PDO regime, but this apparent
anomaly may result from differencesintheamount of precipitation that fallsintheform of rainfal (andless
as snowfall) from individual storm events.

Climate I mpacts on Summer Chum Salmon

Hood Canal - The decline of Hood Cand summer chum salmon beginswith the 1979 adult return, which
isprimarily composed of 1976 brood age-3 fish and 1975 brood age-4 fish. Hood Canal summer chum
salmon from the 1975 and 1976 broods were at seafor 2-3 years after the regime shift, and itispossible
that their marine survivals were negatively impacted. Thereare no direct summer chum salmon data
availableto support or refutethe possibility of lower marine survivals, however, the recent successof fal

chum salmonintheregion suggeststhat it isunlikely that changesin marine surviva significantly contributed
to the decline.

Theincreasein pesk incubation flows after the PDO shift is subgtantid (+31% for the Duckabush River),
and increased flow related mortalities of incubating eggs and alevinsis alikely result. The elevated
incubation flows may well have been a contributing factor to thelack of recovery and continued decline of
Hood Canal summer chum salmoninthe early 1980s. Since ENSO events have the sametype of effects
asthe current positive PDO state on regional weather patterns (warmer and drier conditions), both
conditions could affect stream flows.

Increasedintra-redd mortality resulting from higher incubation flows could have been exacerbated by the
major reduction in spawning flows that occurred in 1986 and subsequent years. The mgjor declinein
average stream flowsthat occurred in September/October stream flows (-57% at Big Beef Creek and -
49% at Duckabush River) has severd potentialy serious consequences for summer chum salmon. The
early return and spawning timing of summer chum samon makes them particularly vulnerable to reductions
instreamflow. Low flowsand elevated water temperatures could delay the entry of thefishto spawning
streams, which could increasetheir susceptibility to fishery exploitation and predation. Onceinthestream,
they would beforced to spawn in mid-channd areas, exposing resulting eggsand devinstoincreased levels
of mortality during subsequent high flow events. A continuation of the combination of low flow patterns
during spawning and el evated incubation flows of recent years could dow therecovery rate of Hood Cand
summer chum salmon.
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Strait of Juan de Fuca- The summer chum salmon stocks of the eastern Strait of Juan de Fuca have
recovered quickly from the low 1979 return, and have displayed good returns until the major declinein
1989. Aswith Hood Cand streams, the Dungeness River shows no change in September/October flows
coinciding withthe 1977 PDO shift. The 1986 severedrop in spawning flows seen in the Hood Canal
region aso has occurred in Strait of Juan de Fuca streams, and may have substantially impacted local
summer chum salmon stocks. Stream discharge data from Snow Creek show a drop in
September/October flows of 45%, and Dungeness River flowsfor the same months have declined 34%.

Snow, Salmon, and Jmmycomelately creeks are small streamsthat arelocated in the rain shadow of the
Olympic Mountain range, and experience extremely low flows during the summer chum salmon spawning
season. For example, the mean September/October flow on Snow Creek from 1977 to 1985 isonly 6.6
cfs. Thereduction in Snow Creek spawning flowsto an average of 3.8 cfsfrom 1986 to 1993, hasthe
potential to cause amajor reduction in summer chum salmon survivasand returns. Extreme low flows
during the spawning period can jeopardize survival by:

* increasing prespawning mortality of adults by restricting or delaying access to freshwater;

* increasing prespawning mortality of adultsin the stream through exposing the spawnersto higher than
normal predation levels;

* increasing prespawning mortality of adultsin the stream because of €evated water temperatures, and

» increasing mortality of incubating eggs and alevins because of limited spawner accessto optimum
spawning sites.

The offspring of the summer chum salmon that spawned in eastern Strait of Juan de Fucastreamsin 1986
first returned asage-3fishin 1989. For the 1990 return, and subsequent years, thereturning fish haveal
been subjected to theimpacts of the reduced spawning and increased incubation flows. Thelimited nature
of thefreshwater habitat in the region, the smal size of theindividua spawning streams, and the early run-
timing of the summer chum stocks, combineto givethe observed changesin local stream flow regimesthe
potentid to have had astrong negative impact on the success of the summer chum salmon. Itislikely that
the effectsof climate on Strait of Juan de Fucastream flows has contributed to the declinein summer chum
salmon stock status.

Aswith Hood Cana summer chum salmon, thereare insufficient dataavailable for the Strait of Juan de
Fuca fish to evaluate potential PDO and ENSO effects on marine survivals.
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Climate in Relation to Human Caused I mpacts

Any andyssof climatechangein reation to stream flow and summer chum popul ations cannot beisolated
from aconsideration of human-caused habitat aterations. Itissignificant to notethat prior to significant
human impact to their habitat, summer chum popul ations have persisted intheface of natural climate
fluctuations. Over thelast 150 years, however, human devel opment impacts have produced incrementa
and gradual, but cumulatively significant changesto Hood Cana and Strait of Juan de Fucawatersheds.
These changes have altered the resiliency of salmon habitat in the face of these climate fluctuations.
Historicaly, diverse and resilient habitats buffered summer chum populations against the effects of
deleterious climate shifts. Stream channels contained abundant L WD with sufficient stable spawning,
incubation, and migration habitats. Riparian forests, intact floodplains, wetlands, and alluvial aquifers
moderated stream flows against seasonal extremes.

Theclimate-driven changesin hydrol ogy described above (decreasesin spawning season stream flows
snce 1986 and increasesin instantaneous peak discharge during theincubation period Snce 1977) areeven
more significant when we consider how they interact with human impactsto summer chum habitat. Water
withdrawal from streamsor aquifersthat arein hydrologic continuity with summer chum streams hasfurther
increased the severity of low flows. Remova of streamside vegetation has reduced the therma insulating
capacity of riparian zones and resulted in elevated water temperatures during the summer chum spawning
season. Inaddition, lossof wetlandsand critica aquifer recharge areasto development haslikely further
exacerbated low flowsby diminating naturd groundwater recharge that augments stream flows during the
summer.

Floodplain devel opment and stream bank armoring has atered theimpact of peak flow events on incubating
summer chum salmon through the loss of flood storage capacity and the confinement of flood flowsto the
main channel. Removal of LWD from stream channel s has reduced bed stability and scour resistance.
Both LWD remova and the confinement of flood flowsto the main channel have increased the frequency
and severity of streambed scour with negative consequences for summer chum incubation survival.

Human changesto Hood Cand/Strait of Juan de Fuca stream ecosystems have thus diminished the natural
resiliency of summer chum habitat, rendering populationsmorevulnerableto climate shifts. Climate shifts
like those observed in the past 30 years, with their associated stream flow changes, likely have posed little
threat to summer chum popul ations before the cumulative effects of habitat changes from human
development became manifest. There are no streams within the region that have escaped such
mistreatment, thus disentangling climate from human-induced impactsis highly problematic.

2.2.3 Ecological Interactions

Theinteractionsof summer chum salmon with various speciesof fish, birds, and mammasisanormal part
of their lifehigtory, and usudly arein astate of dynamic equilibrium with co-evolved species. Whilethese
interactions include factors like nutrient contribution and cover, this discussion will focus only on
competition for living space and food resources, and predation of one species on another. Fresh (1997)
pointsout that extraordinary competition or predationimpactson salmonidsare often the consegquence of
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andteration of the naturd life history processes of theinteracting species. For example, hatchery programs
can increase the numbers of potentia competitors and/or predators, or over-harvest can reduce population
abundanceto the point that predation mortaity becomes depensatory, and holds prey populaionsa avery
low level.

Inareview of the available literature dealing with the effects of competition and predation on Pacific
salmon, Fresh (1997) reportsthat; "... 33 fish species, 13 bird species, and 16 marine mammal species
are predatorsof juvenile and adult saimon.” Emmett et a. (1991) state about juvenile chum salmon: "'In
freshwater and estuarine environments, thisspecies primary predatorsare probably other sdimonids.” Sao
(1991) reviewsavariety of studieswhich showed freshwater predation mortality ratesfor chum salmon
fry averaging from 22-58%, with extremeranges of 2-85%. Magjor freshwater predator speciesidentified
include; coho salmon, cottids, trout, and char. Predation isthe primary cause of chum fry mortdity inthe
estuarine environment; with mgjor predatorsbeing other sdmonids, various nearshore marinefish species,
and avariety of predatory birds (Emmett et a. 1991). At sea, lamprey, shark, other large predatory fish,
and several types of marine mammals are the most significant predators (Emmett et al. 1991).

A variety of fish speciespotentially can compete for food resources with chum salmon, however, Bakkaa
(1970) datesthat the other speciesof Pacific sdmon are principle competitorsof chumsamon. Theeffects
of this competition between salmon species can be subgtantid, as evidenced by the strong two year cycles
in chum salmon abundance when the juvenile chum salmon compete for common food resourceswith
biennially abundant pink salmon juveniles (Galagher 1979, Ames 1983, Sdlo 1991, Johnson et d. 1997).
Samonids can dso compete for spawning sites when adult run timing and spawning distributions overlap
(Bakkala 1970).

Congpecific competition with fall chums, of both wild and hatchery origin, can beamgor concern. Wild
fall chum salmon are currently very abundant in Hood Cand streams, and although they do not directly
compete with summer chum salmon for spawning sites because of tempora separation, the construction
of redds by fall chum could potentialy causetheloss of previoudy deposited summer chum eggsand
alevins because of redd disturbance.

Thelargemagnitude of the hatchery fall chum salmon programin Hood Canal hasraised concerns about
the potential impact on summer chum salmon (WDFW and WWTIT 1994, Johnson et a. 1997). The
combined numbers of wild and hatchery produced chum fry entering Hood Canal in recent yearslikely
exceeds pagt higtoric, wild-only juvenile population levels. Both the numbers and timing of rel eases suggest
that there may be possible negative competitive impacts on summer chum salmon stocks. Hatchery
programs for other species of salmonids have in some cases been intense, and the potential for both
competitiveand predatory impacts on summer chum salmon juvenileshasbeenidentified (WDFW et al.
1993, Johnson et al. 1997, Tynan 1998).

Beginning with the 1992 brood, summer chum salmon supplementation programswereinitiated at the
USFWS hatchery on the Big Quilcene River and by Wild Olympic Salmon on Salmon Creek. Since
summer chum salmon have not been artificialy propagated in the Hood Cand or Strait of Juan de Fuca
regions during the 1970s and 1980s, hatchery propagated summer chum could not have contributed to
the recent decline of the wild populations.
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Thefollowing section reviews existing information on the possible effects of competition and predation on
Hood Canal and Strait of Juan de Fucasummer chum salmon populations. Variouswild and hatchery
salmonids, marine fish, birds, and marine mammals are discussed.

2.2.3.1 Wild Fall Chum Salmon

Fal chum salmon populations are present in each
of the Hood Canal streams currently supporting
summer chum salmon. Of the streams used by Fall Chum Salmon
summer chum salmon in the eastern Strait of Juan
de Fuca, only the Dungeness River dso hasafall
chum salmon population. In Hood Canal, the
differencesin timing between the summer and fdll
chum adult return and spawning periods precludes
direct interactions in the spawning streams
between adults of the two run timings (WDFW
and WWTIT 1994). Thelater spawning fal fish,
however, could cause negativeimpactson summer
chum salmon, by physicaly disrupting their reddsand increasing the mortality of theincubating eggsand
alevins.

Stocks of chum salmon that return from
October through December, and spawn
from November to January in Hood
Canal streams. Fall chum stocks are
genetically distinct from summer chum
salmon.

Hood Cand fall chum salmon generaly spawn farther upstream than summer chum salmon, but, thereis
overlap of spawning groundsin al streams. In the case of streamswith migration barriersthe degree of
overlap can be extensive. The much higher stream flows that are typical of the November-January
spawning period of fal chum can result inthesdection of individua spawning locationsaway fromthelow
water, mid-channel, redd sites of summer chum salmon. Asstream flowsincrease, preferred spawning
depths and vel ocities occur nearer to the shoreline, and spawners tend to select spawning sites closer to
the margins of the stream, away from center channel (Ames and Beecher 1995). Thistype of partitioning
of spawning riffles can moderate the effectsof redd superimposition, and may in part explain how summer
and fal spawning chum salmon can coexist inthe same stream. Another factor mitigating theimpacts of
the disturbance of summer chum redds, isthat theeggs of summer chum salmon should have devel oped
to the eyed stage by thetime that native fall chum arrive to spawn, and should be ableto physiologicaly
tolerate a modest amount of shifting and movement caused by redd superimposition.

Another type of potential competition between the two forms of chum salmon would occur during the
juvenile estuarine and inshore marine waters feeding and growth phases. It has been suggested that
artificialy produced fall chum salmon may pose an ecological risk to summer chum salmon because of
increased competition for food resources (Johnson et . 1997). Wild fall chum salmon could potentially
have an impact if Szeable populations have substantia temporal and spacid overlaps with summer chum
salmon in estuarine or inshore marine waters. Thisis not the case, however, since there are distinct
temporal variationsin the early life histories of the summer chum and wild fall chum stocks in this region.

For wild fal chum salmon to have contributed significantly to the observed decline of Hood Cand summer
chumsamon, elther asadult or juvenile competitors, amajor increasein popul ation Size over pre-decline
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levelswould be necessary. Table 2.6 presentsthe 1974-1997 escapements of Hood Canal summer and
fall chum salmon in common streams summarized asfive-year averages (more detailed descriptionsare
provided in Table 1.2 and Appendix Table 1.1). For the 1974-1978 periods, average escapementsto
common streams, are similar for both chum salmon forms, but during the 1979-1983 years both summer
and fall chum escapements have dropped precipitoudy. Fall chum bottom out with alow escapement of
2,766 spawnersto summer chum streamsin 1983, and then begin todisplay an increasing trend (A ppendix
Table 2.3). During the most recent five years, escapements of fall chum have averaged over 88,000
spawners. Thesmilar performance of thetwo formsof chum salmon, interms of escgpements, during the
periodsimmediately before and after the summer chum salmon decline does not suggest amgjor change
inthepotentia interactionsbetween the summer andfall fish. Thelarge 1994-1998increaseinfal chum
escapementsthat has occurred in concert with theimproved summer chum escapements during the same
years aso suggests that competition between wild summer and fal fish is not asignificant limiting factor.
Itislikely that the differencesin life history timing are sufficient to allow thetwo formsto coexist in the
freshwater and marine environments (see discussion of timing differencesin the Hatchery Fall Chum section
below).

Table2.6. Fiveyear average escapements of Hood Canal summer and
fall chum salmon to those streams with summer chum populations (1974-
1998).
Summer chum Fall chum
Return years escapements escapements
1974-78 17,773 20,006
1979-83 3,238 5,257
1984-88 1,760 16,919
1989-93 978 29,816
1994-98 9,078 88,599

The abundant fal chum may have an unique positiveinteraction with summer chum salmon, by helping to
stabilize stream beds and minimize flood effects on summer chum salmon. In astudy of chum salmon
spawning in Kennedy Creek (south Puget Sound), Montgomery et d. (1996) hasfound that the sorting of
stream gravels by mass spawning of chum salmon stabilizes the stream-bed, which leads to areduced
probability of erosion during subsequent high flow events and reducestheloss of chum salmon eggsand
alevins. Theseauthorsalso point out that the feedback system between mass spawning and streambed
gtability can beinterrupted by adeclining spawner population trend, adding to the difficultly of recovering
adepressed salmon stock. In the case of Hood Cana summer chum salmon, it may be that the abundant
meass-spawning fal chum samon are contributing to stream-bed stability conditions, benefitting both summer
and fall populations.
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2.2.3.2 Hatchery Fall Chum

Theartificid propagation of fall chum salmon at hatcheriesin the Hood Cand region over thelast 20 years
has been very successful, producing adult returns numbering from 100,000 to over 600,000 fish each year
(Tynan 1998). Thelarge returns result from chum salmon propagation programs at five hatcheries that
releasejuvenilesinto the waters of Hood Canal (two WDFW hatcheries, one USFWS hatchery, and two
triba hatcheries). Inadditiontotheforma hatchery programs, numerousV olunteer Enhancement Program
remote site incubators (RSI) release unfed fry into a number of Hood Canal streams.

Asreported by Johnson et d. (1997), the artificia propagation of chum salmon began in 1905 at astate
hatchery in the Skokomish system, and expanded in 1911 and 1912 at USFWS hatcheries on the
Duckabush and Big Quilcenerivers. The USFWS program origindly included both summer and fal chum
salmon, however, summer chum production was dropped at the two stations after 1937 at Big Quilcene
and after 1942 at Duckabush (Cook-Tabor 1994). The Hoodsport fall chum salmon program beganin
1953, when the hatchery facility first became operationa, and has been built solely from native Finch Creek
fish (Tynan 1998). In 1976, George Adams and McKernan hatcheries (WDFW) began to releasefall
chum salmon (Finch Creek stock) into the Skokomish system. 1n 1977, Enetai Hatchery (Skokomish
Tribe) began to release Quilcene stock fal chum salmon into asmall independent stream located just north
of themouth of the Skokomish River. That sameyear, the Port Gamble Hatchery (Port Gamble S Klalam
Tribe) initiated releases of Quilcene stock fall chum but switched to Finch Creek stock by 1979.

The WDFW Hoodsport Hatchery on Finch Creek has been the largest fal chum salmon program in Hood
Canal over thelast three decades. During the early years, the hatchery'sgoa wasto take enough chum
eggs to kegp amaintenance run at the station, however, in 1968 the objectives changed to take as many
eggs aspossible (Schwab 1974). Current goasfor the WDFW Hood Canal fall chum salmon hatchery
program areto enhancetribal and all-citizen commercial fisheries, enhance alocal Hoodsport vicinity
recreationa fishery, and provide eggs in support of the Skokomish system hatcheries and V olunteer
Enhancement Program cooperative projects (Tynan 1998).

Annual egg take goals, as specified in the 1986 Hood Cand Salmon Management Plan, arefor sufficient
eggsfor therdeaseof 40 millionfry (subsequently reduced to gpproximately 36 millionfry), plusadditiona
eggs (if available) to support the operations of local enhancement groups. The annual releases of al Hood
Canal WDFW hatchery produced fall chum salmon (1969-1993 brood years) range from alow of
approximately 984,000 fish for 1969 brood to ahigh of 50,330,000 fish from the 1984 brood, and average
24,042,000 fish over the entire period (see Appendix Table 2.4). Anaverage of approximately 5 million
additiond juvenile chum salmon arereleased from thetriba and federa hatcheries (Johnson et d. 1997),
and theV olunteer Enhancement Program hasreleased of an average of 5.25 million fish between 1990 and
1994 (Tynan 1998). Intotal, these large numbers have generated concernsthat the fall chum salmon
hatchery programin Hood Cana could have apotentia ly negative competitive impact on summer chum
salmon (WDFW and WWTIT 1994, Johnson et al. 1997).

Thereisagenera correlation between theincreasing hatchery fall chum salmon program and thedecline
insummer chum salmon. The 1975 and 1976 brood years of Hood Cana summer chum salmon declined
abruptly in abundance, as evidenced by adult escapements in 1979. The WDFW hatchery fall chum

Summer Chum Salmon Conservation I nitiative April 2000
2.2 Negative | mpacts on Abundance Page 69



salmon program expanded substantially in the early-1970s, increasing from a 1972 brood release of 1.0
million, to 3.4 millionfor the 1973 brood, and 9.4 million for the 1974 brood (Table 2.7). Another major
production jump occurred with the release of 29.6 million 1978 brood fall chum salmon.

Whilethese expansons of hatchery fal chum releases have occurred during the generd time frame of the
summer chum collapse, they areout of synchronization by severd years. Theincreased hatchery releases
of 1973 and 1974 broods should have directly impacted the returns of age-3 and age-4 summer chum
samonin 1976, 1977, and 1978, and the 1978 hatchery increase should have affected the 1981 and
subsequent broods (Table2.7). The 1979 summer chum salmon declinefalls between these two periods
of changein hatchery fish abundance. One possible explanationfor thislack of direct synchrony isthat it
may havetaken two years of increased hatchery releasesto depressinvertebrate prey abundanceto the
point that summer chum salmon juvenileswereaffected. If this scenario actudly occurred, the 1974 brood
releases of 9.4 million fal chum salmon would have over-cropped invertebrate prey resourcesinthe cand,
contributing to lowered prey reproduction the following spring, and reduced production of food resources
for the competing 1975 brood hatchery fall (8.5 million release) and wild summer chum juveniles.

Countering thetheory of hatchery fall chum salmon competitive impactsis surviva datafor Hoodsport
Hatchery fall chum salmon showing that both the 1974 and 1975 broods experienced above average
marine survivals. If food resources had become limiting to the point of causing the observed declinein
1975 brood summer chum salmon, the hatchery fish should have displayed a corresponding drop in
survival. Another argument that countersthe general negative correl ation between hatchery fall chum
releases and summer chum salmon statusiis that the returns of summer chum salmon have increased
substantialy in recent years, with roughly four timesas many hatchery chum released into Hood Canal as
was the case in the mid-1970s (Table 2.7).

Since the hatchery and summer chum discussion above does not clearly resolve theissue of the possible
contribution of the hatchery fal chum programto the summer chum salmon decline, thefollowing section
will review the available research on the ecological relationships of chum salmon in Hood Canal.

Juvenilechum salmon in the Hood Canal estuary - A considerable body of scientific literature exists
on the subject of the ecologica relationships of chum salmonin Hood Canal. Nearly all of these studies
have been conducted by researchers from the University of Washington, in part to determine the potentia
impacts of the construction and operation of the Bangor Naval Base. Whilethese studiesare not ways
ableto specificaly look at differences between summer and fal chum salmon, they do offer abroad picture
of juvenile chum salmon life history in Hood Canal.

Summer Chum Salmon Conservation I nitiative April 2000
2.2 Negative | mpacts on Abundance Page 70



Table2.7. Total brood year releases of WDFW hatchery fall chum to the
waters of Hood Canal, and return years as age-3 and age-4 adults (1969-1998
broods).

Brood year Total releases Return years (ag_;e 3 & 4fish)
1969 938,788 1972, 1973
1970 1,447,406 1973, 1974
1971 1,363,110 1974, 1975
1972 1,039,168 1975, 1976
1973 3,374,966 1976, 1977
1974 9,408,285 1977, 1978
1975 8,465,125 1978, 1979
1976 13,679,756 1979, 1980
1977 7,939,467 1980, 1981
1978 29,606,329 1981, 1982
1979 39,110,094 1982, 1983
1980 36,340,223 1983, 1984
1981 16,859,884 1984, 1985
1982 35,905,744 1985, 1986
1983 28,325,669 1986, 1987
1984 50,330,002 1987, 1988
1985 36,535,000 1988, 1989
1986 40,400,100 1989, 1990
1987 40,122,500 1990, 1991
1988 35,217,100 1991, 1992
1989 34,521,500 1992, 1993
1990 19,619,100 1993, 1994
1991 38,639,100 1994, 1995
1992 39,652,200 1995, 1996
1993 33,205,650 1996, 1997
1994 37,860,000 1997, 1998
1995 34,324,091 1998, 1999
1996 34,508,783 1999, 2000
1997 25,388,986 2000, 2001
1998 24,344,935 2001, 2002

The following quotations are from a WDFW discussion of the subject (Crawford 1997).

Spatial overlap or separation during migration - Historical release strategies (fed vs. unfed fry) and
release Szes (Size range from swim-up to 1.2 gm) during the pre-April 1 time period (see Appendix Table
2.4) are important factors to adequately assess the likelihood for the co-occurrence, and hence
competition, of hatchery fall chum and summer chum in the Canal.

"Schreiner (1977) reported that migrating chum fry in Hood Canal remained in near-shore areas until reaching
a length of 45-50 mm, when the chum were observed to move to deeper off-shore areas. Other authors aso
reported that chum released from Hood Canal hatcheries at or near this size range early in the season tended
to migrate rapidly northward and into offshore areas (Whitmus and Olsen 1979; Prinslow et a. 1979; Prinslow
et al. 1980; Salo et a. 1980; Bax and Whitmus 1981; Whitmus 1985). A 45 mm chum weighs 0.73 grams (or 622
fpp), which is comparable to the 0.66 gram (686 fpp) average size of fed fall chum released prior to April 1 from
the Hood Canal hatcheries (Tablel). Bax (1983) observed that wild chum migrating prior to April showed little
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change in length astime progressed, averaging 35-44 mm in fork length (Schreiner 1977; Bax et a. 1978). The
best scientific information would suggest that fed fall chum fry of the average size released from Hood Canal
hatcheries pre April 1 do not share the same feeding and/or migratory areas as summer chum. Unfed fry groups
released from the hatchery facilities prior to April 1 have agreater likelihood for interaction with summer chum,
as they are of similar, if not the same size, and likely use the same nearshore areas for foraging during
migration.”

Food item overlap during migration - The differencesin types of prey that are predominantly taken by
chum fry of differing sizes (and foraging in differing areas) must be considered to adequately assessthe
potential for competition between hatchery fall chum and wild summer chum.

"Bax et a. (1978) and Simenstad et al. (1980) reported that immediately upon entry into Hood Canal small (30-40
mm fl) juvenile chum fry (of naturally-producing populations or from the Big Beef Creek spawning channel)
captured in nearshore areas during out- migration in Hood Canal fed primarily on epibenthic organisms, mainly
harpacticoid copepods, gammarid amphipods, polychaete annelids, and crustacean eggs. After the fish grew
larger than 45-55 mm fl (or entered the Canal at this size from hatchery facilities) and moved to off-shore areas,
they fed mainly upon pelagic organisms, such as euphausids, calanoid copepods, and hyperiid amphipods.
Simenstad et al. (1980) also reported on the effect of fish size upon selection of foraging habitat by illustrating
comparative prey spectra of chum fry captured via beach seine in shallow sublittoral habitats with the prey
spectra of tow-net caught chum (recognizing that the size of chum increases with increasing distance from
shore). Larvaceans and harpacticoids comprised over 60 % of the total prey spectrum of chum captured in
nearshore areas, whereas over 85 % of chum captured off-shore was euphausids, calanoid copepods, and
hyperiid amphipods (Simenstad et al. 1980). The best scientific information would suggest that fed fall chum
fry of the average size released from Hood Canal hatcheries before April 1 and wild summer chum have alow
likelihood of diet overlap during migration.”

Rapid out-migration during February-March time period - Thetendency of juvenile chum entering
the Cand before April 1 to outmigrate rapidly should be consdered in any assessment of thelikelihood for
resource competition.

"As reported in Simenstad et al (1980), chum fry entering the Cana early in the outmigration period
(February-March - the summer chum fry migratory period) generally encounter a naturally low abundance of
prey resources, and rapid outmigration may be one behavioral response to this low availability. Salo et a
(1980), Prindow et a. (1980), Bax (1982), and Bax (1983) al report rapid out- migration and short residence time
for juvenile chum in the Canal during thistime period. The fact that chum entering the estuary during February
and March migrate out of the Canal quickly does not lend well to an argument for resource competition between
summer chum and hatchery-origin fall chum. The likelihood is that the duration of interaction between these
groupsis minimal."

Timing of fall chum releases- Prior to thelate 1970s, the releases of fed (reared) fdl chum fry for Hood
Cand hatcheries al have occurred after April 1 (Appendix Table 2.4), with average release datesin the
first week of May (Tynan 1998). This release schedule has provided substantial separation between
summer and hatchery fal chum juveniles; with the summer fish having apeak Hood Cana exodustiming
of April 1- April 3, and completing emigration from the canal around thefirst of May (Tynan 1997). In
1992 and 1993, pre-April hatchery chum fry releasesinto Hood Canal total 19.7 million and 28.6 million
fish respectively (Appendix Table 2.4 - note that release year isthe year following brood year shownin
table).

Again, the following quotations are from Crawford (1997):
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"The primary annual production objective of fall chum hatcheriesin Hood Canal is the release of one
gram fed fry after 30 to 60 days of rearing (50 mm average fl, or 450 fpp) in April or May. Chum
released at this size have been shown to have higher survival rates to adult return in Hood Canal (H.
Fuss, WDFW personal communication 4/1/97). The April-May release timing of these fish into Hood
Canal coincides with the emergence and marine out-migration timing of wild fall-run chum, which enter
seawater at asmaller size (0.37 gram avg. (Koski 1975), or 35-40 mm avg. fl (Schreiner 1977)). During
years of good hatchery growth (warm rearing water, good husbandry practices), or in years when
hatchery pond space used for fall chum was limiting, fed fall chum have been released earlier than
April. Out of an average total fall chum fed fry release from WDFW hatcheries in Hood Canal of
20,899,836 (1970-94 data, range of 795,040 - 45,955,845), an average of 6,125,158 (range 0 - 20,073,200)
or 29.3 % of the total annual production (range 0 % - 64.9 %) have been released prior to April 1.
These pre-April 1 release fed fry have ranged in size from 0.36 to 1.2 grams (39 - 54 mm fl) and have
averaged 0.66 grams (44 mm fl) between 1970 and 1994.

Hood Canal hatchery facilities also have produced unfed fall chum fry. These fish have generally been
produced in remote site incubators, and released without any rearing at a size of 0.34 to 0.38 grams
(35-40 mm) upon swim-up. On average, 49.2 % (1970-94 data, range 0 % - 100 % of the unfed fry
groups have been released in February or March. Annual unfed fry releases in Hood Canal have
averaged 3,142,224 (range 0 - 8,744,000), with 1,545,856 (range O - 8,494,000) of the tota released prior
to April 1 on average.

In the NMFS document "Review of Information on Hood Canal Summer Chum Salmon ESU collected
in 1995 and 1996", it is noted that 1992 brood year summer chum returns to the western tributaries and
Quilcene Bay were very strong, exhibiting some of the highest apparent recruit per spawner rates that
have been documented for Puget Sound chum. As discussed above, hatchery release data for 1992
brood fall chum indicate that over 20,000,000 fed fry and over 8,400,000 unfed fry were released from
Hood Canal hatcheries prior to April 1, 1993, coincident with the out-migration of this extremely
successful 1992 summer chum brood. The pre-April 1 fall chum liberations that year were 3.3 times
greater than 1970-94 average fed fry levels and 5.5 times greater than 1970-94 average unfed fry release
levels. Callectively, the pre-April 1 fall chum fed and unfed fry releases coincident with the migration
period of 1992 brood summer chum in 1993 were the largest on record (see attached Appendix Table
2.4).

The fact that 1992 brood wild summer chum exhibited such high survival in the midst of the largest
pre-April 1 fall chum hatchery releases into Hood Canal on record does not support an argument for
negative impacts of competition between wild summer chum and hatchery fall chum during thistime
period. Based upon the performance of the 1992 brood summer chum, we could in turn specul ate that
the magnitude of pre-April 1 hatchery fall chum releases in 1993 effectively minimized the effects of
predation on commingled 1992 brood wild summer chum by swamping potential predators with
aternative prey."

Remotesiteincubators- Enhancement of chum salmon using remote site incubators (RSI) has occurred
within theregion, with 17 sitesidentified on Hood Canal and Strait of Juan de Fuca streams by Johnson
etd. (1997). Summer chum have not generally been included inthe RSl program; the exceptions being
therecovery projectsat Salmon Creek, Lilliwaup, and Hamma Hamma, and the effortsto reintroduce
summer chum salmon to Chimacum and Big Beef creeks.

TheRSI program began to release substantial numbersof fall chum salmon unfed fry into Hood Canal
streamsin 1978. For brood years 1978 through 1993, an average of just under 5 million (range0 - 8.7
million) fall chumunfed fry werereleased annualy fromal facilities, including RSIs (A ppendix Table2.4).
Whilethe RS releases have not been totaled separately, they make up approximately 6% of the overall
unfed fry released annually. Not all of the RSI release sites are on summer chum salmon streams. For
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example, inreview of fall chum salmon RSIson the streams of west Kitsap Peninsula, only half of the
projects are located on summer chum salmon streams (Turner 1995). Thefirst magjor releases occurred
in 1978 (adultsreturning in 1981-1983), which does not match with the summer chum decline beginning
with the 1975 and 1976 broods.

The numbers of unfed fry released are small when compared to the tens of millions of fed chum fry
producedin Hood Canal hatcheries. Itisunlikely that the RSl program have contributed to the observed
declineof summer chum salmon, becauseof therd atively smal release numbers, and becausetheinception
of the program is several years out of synchronization with the decline.

Conclusions- Therecent success of summer chum, in the face of very large hatchery releases of fall
chum, suggeststhat competitive interactions have not been asignificant contributor to the decline of
summer chumsalmon. Additionally, thelack of direct synchrony between hatchery releasesand changes
in summer chum abundance, and the ecological differences between summer and fall chum in marine
waters, support the likelihood of minimal interactions. A possibility that must be considered is that the
gpparent negative correlaion between hatchery fal chum salmon and the decline of summer chum salmon
may smply beacoincidence. Thereisstill uncertainty surrounding theissue of juvenilefall and summer
chum interaction, and further investigation may be warranted.

2.2.3.3 Other Salmonids

Summer chum salmon share spawning streams, estuaries, and nearshore marinewaterswith anumber of
other salmonidsin additiontofall chum salmon. These other salmonidsincludewild and hatchery origin
chinook, coho, and pink salmon, and steel head and cutthroat trout. Thewild populations of these species
have not increased during the periods of summer chum salmon decline (pink salmon excepted), anditis
unlikely that they have contributed substantialy to the observed changesin summer chum status. However,
there hasbeen agenera concern expressed about the possible effects of outplanting of hatchery chinook,
coho, and trout in summer chum streams (WDFW and WWTIT 1994, Johnson et a. 1997, Tynan 1998).
Thereareseverd level sof concern; adult competition for spawning sites, juvenile competitionfor food, and
predation on juvenile summer chum.

There have been several investigations into the interaction between salmonid speciesin the region
(Schreiner et a. 1977; Smengtad and Kinney 1978; Prindow et a. 1980; Bax et al. 1980; Smenstad et
al. 1980; Whitmus 1985 among others). Based on studiesin Hood Canal, Simenstad and Kinney (1978)
and Prindow et d. (1980) conclude that predation on chum salmon by other species, including salmonids,
in the open waters of Hood Cand isinggnificant. However, anumber of authors studying early marine
migration behavior for chumin Hood Cand report significant, high mortaity levelsduring thefirst few days
of residence in the estuary that may be caused by predation.

Fluorescent pigment-marked chum salmon released from Big Beef Creek during February in 1978 and
1979 had mortdlity rates of 29 % and 49 % of the population, respectively, during thefirst two daysin the
estuary (Sadloetd. 1980). Prindow et a. (1980) reported asurviva rate of 44 % (mortality rate of 56 %)
for the 1978 brood chum migrating from Big Beef Creek after four days. Whitmus (1985) documented
amortality rate of 58 % and 74 % over 2 daysfor 45 mm chum fry released in two groups during early
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May from Enetal Hatchery in Hood Cand. Bax (1983a) reported average daily mortdity ratesfor Enetal
fall chum of between 31 % and 46 % over atwo and afour day period. Predation by cutthroat trout and
marine birdswas thought to account for the mortality of chum juvenilesreleased from Enetai (Whitmus
1985), and Bax (1983) hypothesi zed that high susceptibility to predation and attraction of predatorstothe
chum fry release location were responsible for high mortality rates estimated in his study.

Considerableuncertainty existsregarding the adverse effects of speciesreleasedinregiona hatcherieson
chum salmon through competition. Chum and pink salmon have been shown to use the same nearshore
beach environment during their initial period of residence and prey upon the same sublittoral epibenthic
crustacean populations during emigration (Schreiner et al. 1977). Ames (1983) has conducted a
preliminary examination of the interactions between the sdlmon speciesin Hood Candl, and hasidentified
only pink and chinook salmon as possibly having anegativeimpact on chum salmon survivas. Thisisa
limited study that examines only short-term data setsfrom before 1979, and does not include the trout
species.

Thefollowing discussonwill consider thegenerd interactionsknown to occur betweenthevariousspecies.
Therisksto summer chum of hatchery programs producing other salmonid speciesin the region are
assessed in aseparate section of this plan (3.3 Ecologica Interactions). The following text summarizes
information more fully detailed in section 3.3 regarding hazards, interactions, and potential effectsto
summer chum that may result from the hatchery production of chinook, coho, and pink salmon, and trout
species within the Hood Canal and Strait of Juan de Fuca regions.

Summer chum juveniletiming - The potential impacts on summer chum salmon associated with the
releases of hatchery originsamonidsarelargely controlled by the degree of overlapinthetiming of releases
compared to thetiming of juvenile chum lifehistory stages. Many releases of hatchery fish aretimed to
avoid significant interactions with sensitive species.

Thecritica surviva periodsfor summer chum salmon are theincubation, emergence and emigration stage
infreshwater, and the early marine emigration period. Tynan (1997) has summarized, and estimated from
availablefidd studies, juveniletiming of Hood Cand and Strait of Juan de Fucasummer chum samon, and
thefollowing information istaken from that assessment. The ranges of dates presented bel ow represent
the earliest beginning dateand latest ending date observed (or estimated), and chum of aparticular lifestage
would not necessarily be present through the full range of these dates every year (see Tynan 1997).
Summer chum eggs are estimated to be present in the “tender stage” in stream gravels from early
September through early November in an average year. This period can be viewed as the time when
summer chum eggsare most vulnerableto disturbance during incubation. Estimated emergencetiming for
Hood Canal summer chum salmon ranges from February 7 to April 14, with an average peak of March
18 for east side stocks, and March 27 for westside stocks. For Strait of Juan de Fuca stocks, the
emergencetiming rangesfrom February 15to May 26, withaApril 5 average datefor the peak. Since
nearly al chum samon fry emigrateto seaimmediately following emergencefrom the grave , the same dates
represent both emergence and emigration. Estimated summer chum salmon juvenile departure datesfrom
Hood Canal range from February 21 to April 28, with an April 2 average peak date. Strait of Juan de
Fucasummer chum are estimated to be present ininshore waters ranging from February 28 to June 8, with
an April 17 average peak.
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Stedhead and cutthroat trout - Because of mgor differencesin thelife historiesof chum samon andthe
trout species, substantial juvenile and adult competition between chum salmon and trout isunlikely. Itis
known, however, that sea-run cutthroat trout are predatorson juvenile sdmonidsin the marineenvironment
(Simenstad and Kinney 1978; Cardwell and Fresh 1979; Whitmus 1985). Steelhead trout released as
yearling smoltsduring the summer chum emigration period are dso viewed as posing ahigh predation risk
inthefreshwater and marineenvironmentsdueto their largesizerdativetothechumfry (Freshet d. 1984).

Most summer chum streamsin the region have received steelhead out-plantswithin the past thirty years,
and during the period of declinefor summer chumin Hood Cand (Tynan 1998). Thenumber of stedhead
smolts planted has been reduced in recent years, from a 1965-98 average of 94,000 in Hood Canal to
under 80,000 (1995-1998 release levels) (Appendix Figure 2.9). Steelhead releasesin the Strait of Juan
de Fuca region have been similarly reduced, to about 13,000 from a 1955-97 average of 19,000
(Appendix Figure 2.10). Also, steelhead are now released into only four watershedswithin the Hood
Cand and Strait of Juan de Fucaregion: Skokomish River, DosawdlipsRiver, HammaHammaRiver, and
the DungenessRiver. In Hood Cana streams, the normal release size for steelhead smolts has been 4-7
fish per pound (fpp) or 180 - 230 mm and thislarge Size at rel ease makesthis speciesapotentia predator
on newly emerged chum salmon fry (Tynan 1998). Therelease of only smoltsin the steelhead hatchery
program enhancestheir tendency to immediately migrateto marinewaters, which may extend the period
of potential predation on chum salmon fry into the nearshore marine areas. Steelhead released in Strait of
Juan de Fuca streams are of asimilar size (3-6 fpp).

Sea-run cutthroat trout were released into severa Hood Canal summer chum streams from the mid-1980s
through the early 1990s, but, commencing in 1992, are no longer rel eased into anadromous areas within
theregion (Appendix Figure 2.9). No streamsin the Strait of Juan de Fucaregion have been planted with
sea-run cutthroat within the past 42 years(Tynan 1998). In previousyears, an annua (1985-91) average
of 27,000 sea-run cutthroat were released into Hood Canal streams at asize of 4-16 fpp (128-230 mm).
The piscivorous nature of the speciesand the large Size at rel easerel ative to emigrating summer chum
elevaesthelikeihood that the species preyed on emigrating chum, including summer chum. Severd sudies
inHood Cand document predation on chum salmon fry by sea-run cutthroat (Simenstad and Kinney 1978;
Prinsow et al. 1980; Whitmus 1985).

Thecessation of al hatchery sea-run cutthroat rel easesinto anadromouswaterswithin theregion eliminates
the need to consider their predation effects on summer chum. In large part the potential for hatchery
steelhead predation on chum fry ismitigated by timing of releases. Steelhead smolt releases occur in April
and May in both Hood Cand and the Strait of Juan de Fuca(Tynan 1998). In someyears, when summer
chum fry emergence extendsuntil mid-April, steelhead smoltsare released in summer chum streamswhile
chumfry are still present. Additionaly, these steelhead rel eases can have accessto summer chumfry in
marine waters until the end of April.

Chinook and coho salmon - Annua fall chinook salmon smolt releases from Hood Canal region
hatcheries have averaged 6.1 million sub-yearlings and 226,000 yearlings since 1990 (Appendix Figure
2.11). Releasesof thisspeciesinto Hood Canal were quite low during the late 1970 period of summer
chumdeclinerelativetolate 1980 |evels. Chinook smolt out-plantsin theregion have declined significantly
since1989. Strait of Juan de Fucaregion chinook production was|ow to non-existent between 1974 and
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1994. Recent year chinook releasesinto summer chum streams (the Dungeness River) have been 975,000
sub-yearlings, 200,000 fingerlings, and 800,000 fed fry Appendix Figure 2.12). Appendix Figures2.13
and 2.14 present annua coho salmon juvenilerelease levelsinto the same summer chum regions. Annua
coho juvenilereleaselevelshave remained quite stable across the last twenty years, with the exception of
unfed fry releases, which were discontinued in the early 1990s.

Hatchery-origin chinook and coho salmon smolts are thought to pose ahigh risk of asignificant negative
impact on wild chum salmon due to predation in freshwater and nearshore estuarine areas where the
gpecies co-occur (Fresh et d. 1984). Coho salmon are of specid concern for predation effects dueto their
large size at release as yearling smolts (average release size 10 - 17 fpp, or 130 - 160 mm) relative to the
size of emigrating wild summer chum (1,000 - 1,200 fpp, or 35-39 mm) (Tynan 1998). Most chinook
salmon are released from hatcheries as sub-yearlings, averaging 65-80 fpp, or 80 - 86 mm), making
predation on emigrating chum salmon unlikely. Y earling chinook salmon released from net-pensin Hood
Cand a an average size of 5fpp (195 mm) likely pose a predation risk to summer chum fry if presentin
estuarine areas during the summer chum emigration period.

Extensve somach content andysisof coho and chinook salmon smoltsin Hood Cana show only minimal
evidence of predation on other sdlmonids, including chum salmon (Simenstad and Kinney 1978; Whitmus
1985). Although these specieswere captured in the same seine sets during the predation studies, they may
not have been occupying the samearea, |eading to the observationsof no predation by coho and chinook
smolts (Whitmus 1985). Visual observations prior to seining in the Whitmus (1985) study indicate a
potentia for horizontal segregation of chum and coho smoltswhen coho are very abundant in areass where
chum are also present.

Dueto afreshwater entry timing Smilar to summer chum, non-indigenous-origin fal chinook adults planted
in, or straying into, summer chum streamsmay competefor spawning sites, and may disrupt summer chum
survival through redd superimposition. Although there are no direct studiesto evaluate actual effectson
summer chum productivity, hatchery-origin fal chinook have been routingly observed spawning in the same
areas used by indigenous summer chum populations (R. Egan, WDFW, pers. comm., August 1999).

Likehatchery steelhead releases, therisk of predation by hatchery-origin chinook and coho sdmon yearling
smoltsislargely mitigated by thelatetiming of yearling and sub-yearling rel easesfrom regiona hatchery
facilitiesreativeto the estimated summer chum emigration period. Y earling sub-yearling chinook salmon
smolt releases occur in early May and early June respectively in Hood Cand, where al of thefall chinook
withinthe summer chumregionare produced. Dungenessnative-origin chinook sub-yearling smoltsare
released into Strait of Juan de Fuca waters between mid-June and mid-July, aperiod well past the March-
April summer chum fry emigration (Tynan 1998). Therisk of competition posed by fall chinook on the
spawning groundscan be minimized by discontinuance of fall chinook rel easesthat are not part of aforma
recovery program into summer chum streams.

Pink salmon - The Dosewallips, Duckabush, and HammaHammarivers support separate stocks of pink
salmon, and limited numbers of this species are occasionally observed in the Big Quilcene River and
Lilliwaup Creek. Pink salmon spawn in these streams (odd-yearsonly) in September and October; the
same spawning period as summer chum salmon. Potentia interactions between the two specieswould
include competition by adultsfor spawning sites, redd superimposition, and competition for food resources
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inthe estuary and marinewaters. Since pink salmon are only present every other year, any significant
negativeimpact on summer chum salmon should resultinabiennid pattern in the survival and return rates
of summer chum. Theecologicd smilaritiesinthelife higories of pink and chum saimon do result in lower
returnsof chum salmon in dominant pink return yearsthroughout the range of the two species (odd-years
for southern popul ations and even-yearsin northern areas). Competition between juvenilesin marine
watersisthe most likely explanation for this effect (Gallagher 1979, Ames 1983, Salo 1991). For loca
summer chum salmon stocks, however, thereis no obvious short-term cyclic effect in the yearsfollowing
the 1979 summer chum decline, i.e. no changesin the return rates of just the odd-year chum salmon brood
years. Tothe contrary, Hood Cand summer chum salmonare currently the most successful in sreamsthat
they co-habit with pink salmon, which argues against asubstantial changein the competitiveinteractions
between these species.

Thereisanartificia propagation program for pink salmon at the WDFW Hoodsport Hatchery that has
operated Snce 1953. Thisprogram has released an average of approximately 1.5 million pink fry per year
(Tynan 1998) (Appendix Figure 2.15). Thereisno indication that these rel eases have contributed to the
summer chum decline. However, to minimize the likelihood for adverse effects, attempts are being made
to minimizeinteractions between hatchery pink salmon releases and summer chum by delaying pink sdmon
releases until after April 1.

Current Hatchery Programs- As addressed in the previous section, the hatchery-induced hazard that
has had the highest potential to have negatively affected summer chum iscompetition inthe estuary posed
by fall chum salmon released during the summer chum emigration period. Although no adverse effectson
summer chum surviva resulting from past early liberations of fal chum arereadily evident, it ispossble that
fal chum compete for limited food resources availablein Hood Cand during their early spring migration.

Although steelhead smoltsare currently truck-planted into severad summer chum streamswithintheregion,
the late planting date of the fish relative to the summer chum emigration period likely preventsinteraction
between thetwo species, and adverse effects. Dueto their piscivorous nature and continuous presence
innearshoreestuarineareas, past production of sea-run cutthroat may have had negative predation effects
on summer chum. The cutthroat program has been discontinued and adverse effects posed to summer
chum are therefore no longer a concern.

Releases of fall chinook and coho salmon smolts, as presently practiced in the region, are judged to not
poserisks of predation to summer chum. Thesetwo speciesare released from regiona hatcheriesmuch
later than the summer chum emigration period, reducing thelikelihood for interaction. Extensive sscomach
content analyses of coho salmon smolts collected during University of Washington FisheriesResearch
Institute studiesin Hood Canal, aswell asthose in northern Puget Sound, the Strait of Juan de Fuca, and
Nisqualy Reach do not subgtantiate any indication of significant predation upon juvenile sdmonidsin Puget
Sound marinewaters (Simenstad and Kinney 1978). Similarly, Hood Cana, Nisqually Reach, and north
Puget Sound data show little or no evidence of predation on juvenile sdmonids by juvenile and immature
chinook (Simenstad and Kinney 1978). Although available studiesindicate that predation on juvenile
salmonids, including summer chum fry, isnot of great concern, rel ease practices that ensure spatia and
temporal separation between hatchery fall chinook and coho and summer chum should be continued.
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Further studies are needed in nearshore areas to fully evaluate the risk of predation to summer chum
emigrants posed by resident chinook and coho resulting from the Hood Canal hatchery programs.

Pink salmon released from Hoodsport Hatchery in March may pose risksto summer chum fry through
competition for food resources. Risks of adverse competitive effects posed by hatchery pink salmon are
proposed to be addressed by delaying rel eases of these species until after the summer chum emigration
period (post April 1). This practice may reduce the likelihood for interactions between the two species,
minimizing therisk of food resource competition. However, it isunclear if thismeasure can be practicaly
met dueto the early timing of pink egg takes and emergence periodsin the hatchery, which makesholding
pink salmon through April 1 problematic. Also, benefits to emigrating summer chum afforded by
“swamping” of predator populations by hatchery pink releases will be forgone with this practice.

Conclusions- Whilethere are uncertainties about the effects of competition and predation by salmonids
on summer chum salmon, because of the magnitude of hatchery releases during the 1970s and early 1980s
thesetypesof interactionslikely have contributed to the decline of the summer chum stocksof Hood Cand.
Thereisalow likelihood that Strait of Juan de Fucasummer chum stockshave been affected by releases
of hatchery salmonids.

2.2.3.4 Marine Fish

Most marine fish speciesthat inhabit the same waters as chum salmon are potentia predators and/or
competitors, particularly during juvenile chum salmon life stages. However, diet studies have shown that
other sdlmonidsare usudly the principa predator/competitor species affecting chum salmon (Bakkaa 1970,
Emmett et al. 1991).

The status of bottom fish speciesin Hood Cand and the Strait of Juan de Fuca has been the subject of two
separate WDFW stock statusinventories; for bottomfish (Day et a. 1995), and for forage fish (Lemberg
et d. 1997). Theseinventoriestracked trendsin marine fish populations using catch and effort statistics
from recreational and commercial catches.

Most bottomfish speciesin the region have declined over the last three decades, possibly influenced by
some of the same climate changes that have affected chum salmon. Catches of several speciesbriefly
increased in the late 1970s (e.g., dogfish and lingcod), however, thiswas dueto higher exploitation rates
intrawl fisheriesand wasnot the result of increased abundance (Greg Bargmann, WDFW, pers. comm.).

Theforagefish speciesare predominately represented by Pacific herring inthe marinewaters of the region.
Herring assessment surveys have been conducted in multipleindex areasin both Hood Cand and the Strait
of Juan de Fucasince 1977, and show either stable (Hood Canal) or declining (Strait of Juan de Fuca)
trendsin abundance. Theinitiation of these surveys coincides with the PDO regimeshift, and thereare no
guantitative datafrom earlier yearsto indicate if herring abundance changed at that time. Anecdotal
information suggeststhat regional herring populations have had smilar abundances beforeand after the
1977 climate change (Greg Bargmann, WDFW, pers. comm.).
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Aspointed out above, thevariousloca marinefish speciesare potentia summer chum competitors and/or
predators. However, based the abundance trends of these species over the past two decades, it isunlikely
that extraordinary levelsof predation or competition by bottom fish or herring have been asignificant factor
in the observed decline of summer chum salmon in Hood Canal or the Strait of Juan de Fuca.

2.2.3.5 Birds

Common Mergansersarewe |-known to feed on juvenile salmon during their downstream migration and
could betaking summer chumfry. In marinewaters, chum fry, including summer chum fry, in shalow near-
shoreareasarelikely to be preyed upon by mergansers and doubl e-crested cormorants and possibly by
western and horned grebes (Dave Nysewander, WDFW, pers. comm.). Common mergansershave been
observed herding chum fry into shallow water and feedingin McAllister Creek (south Puget Sound) (Bill
Tweit, WDFW, pers. comm.). Aschum fry grow and move away from the near-shore area, they arelikdy
to be preyed upon by double-crested and pelagic cormorants, mergansers, pigeon guillemots, gulls
(especialy Bonaparte's), terns, loons, grebes, and rhinoceros auklets. Marbled murrelets are not
considered to pose any significant threat to chum fry, because they are currently at depressed population
levels, and becausethey are plankton and larval fish specidists. When juvenile chum enter the open ocean,
deep-water bird predatorsinclude common murres, shearwaters, Brandt's cormorants and puffins. Only
bald eagles and osprey are likely to prey on adult summer chum.

Very littleis known about the extent of bird predation on chum salmon. A study of marks made by
predatorson juvenile chum captured by beach seine, purse seine, and trawl at arange of depthsin Masset
Inlet, British Columbia has found marks attributed to birdsin 6% of chum juveniles captured (Dawe,
unpublished results). The proportion of chuminthisstudy which did not escape bird predatorsisunknown.
Dawereportspigeon guillemots preying on school sof juvenile pink salmon but does not mention observing
them preying on chum.

The mgjority of information on long-term sea bird population trends within Washington State has been
collected on the outer Washington Coast and at Protection Idand (near Discovery Bay). Littleinformation
exists for the Hood Canal or Sequim Bay areas. On the outer Washington coast, common murres
underwent a population crash from about 30,000 birdsto 2,400 birdsin 1983-84, asaresult of the 1983
El Nifio (Wilson 1991). The population hasincreased since then to perhaps 7,000 birds (Ulrich Wilson,
USFWS, pers. comm.). Thetrend inthe murre population on Tatoosh Idand differsfrom that of therest
of the coast in that it peaked at about 3,100 birdsin 1991 but has declined sincethen. Double-crested
cormorants on the outer coast have had a sharp decrease in breeding success, if not in numbers of adult
birds, from between 400 and 500 nestsin 1982 to essentialy nonein 1983-84. They experienced another
decline associated with amilder El Nifio in 1987-1988 (Wilson 1991), but since have rapidly recovered
in number both on the outer coast and in Puget Sound (Ulrich Wilson, USFWS, pers. comm.). Brandt's
cormorants nesting success during the 1980s has been similar to that of double-crested cormorants,
however, during the 1987-1988 El Nifio, Brandt's cormorants crashed and recovered ayear earlier than
double-crested cormorants, presumably because they nest later than doubl e-crested cormorants (Wilson
1991). The effects of the 1987-1988 El Nifio may have occurred too late to affect nesting by double-
crested cormorantsin 1987 but in timeto affect Brandt's. Similarly, the waning of El Nifio effectsin 1988
may have occurred too late for double-crested cormorants but in time to permit Brandt's to nest
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successfully. Pigeon guillemot numbers on Protection Island increased from 1976 to 1989 and have
decreased since then. There has been alarge reduction, perhaps as much as 95%, in the numbers of
horned and red-necked grebesin the Strait of Juan de Fucaover thelast ten years. Gullson Protection
Idand haveshownasmall but probably non-significant increasein recent years (Ulrich Wilson, USFWS,
pers. comm.). During the 1960s, the rhinoceros auklet popul ation on Protection Idand waslow (5,000-
6,000 breeding pairs) until sheep were removed from theisland. The population has sinceincreased,
peaking at 17,000 breeding pairsin 1976, but has declined to about 12,000 pairstoday (Ulrich Wilson,
USFWS, pers. comm.).

Hodgeset al. (1996) has compiled Alaskawater bird population trend data based on agria surveysfrom
1957 through 1994. Potential chum predators monitored include mergansersand loons. Pacific, arctic,
common, and red-throated loonshave al declined in number since 1977, while merganser numbershave
increased since 1977. It isnot known if the Alaska data are applicable to Washington.

Most seabird populationsin the Strait of Juan de Fucaand Washington Coast have experienced declines
or declinesand recoveries during thetimethat summer chum have been declining. Giventherdatively low
numbers of summer chum relative to numbersof fall chum, itisunlikely that seabirdswereasignificant
cause of summer chum decline.

2.2.3.6 Marine Mammals

Sincethe passage of the Federal Marine Mammal Protection Actin 1972, the populations of sealsand
sealionsin Washington and other coastal states have steadily increased. Observations of predation by
California sea lions (Zalophus californianus) and Pacific harbor seals (Phoca vitulina) on various
salmonids have a so increased, raising concerns about the impacts on depressed and other salmonid
populations (NMFS 1997b).

Hood Canal - Pacific harbor seals are the primary pinniped speciesin Hood Canal, with an estimated
current year-round popul ation of over 1,500 individuas (Jeffrieset a. 1999). Annualy, peak abundance
occurs in October, and the greatest concentrations are in the vicinity of the mouths of the larger river
systems. Index counts of harbor seals have been conducted in Hood Cana by WDFW since 1983, and
between 1983 and 1996 sedl populations have increased approximately 5% annually (Steve Jeffries,
WDFW, pers. comm.). Other pinneped populationsin the region include an estimated 10-50 California
sea lions and less than 10 Steller sealions which also occur in Hood Canal (NMFS 1997).

Because of their small size, out-migrating chum salmon fry are not thought to be vulnerable to harbor sedl
or sealion predation (NMFS 1997). Substantia chum fry predation by sedls under unusud circumstances
has been observed at the Puntledge River in British Columbia. Lighting on bridges near the river mouth
illuminates outmigrating chum fry, andin one study harbor sed predation between April and June of 1995
has been estimated to be 3.1 million fry, or 7-31% of the year'sproduction (NMFS 1997). Sincesimilar
conditions are not present in Hood Canal, harbors seals are unlikely to be significant predators on the
region's chum salmon fry.
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The predation by sealsand sealions on adult salmon has been well documented. NMFS (1997) reviews
avariety of pinniped food habits studiesfor both harbor sealsand sealions, which show differing sdmonid
consumption rates depending on salmon abundance and the avail ability of alternate prey species. Asan
example, one 1980-82 study has shown that the percentage of seal scat samples containing salmonid
remains was 10% in Grays Harbor and 28% in Willapa Bay (Reimer and Brown 1996). Estimates of
salmonid consumyption by pinnipedsin Oregon by Kaczynski and Palmisano (1992) have used rates of
10.8% of total biomass consumed for harbor seals and 10% for Californiasealions.

NMFS (1997) presents an estimate of the annua prey biomass consumption (956 metric tons) by 1,036
harbor sealsin Hood Canal. Using these consumption rates, the current harbor seal population of 1,500
animasinHood Cana would consume 1,385 metric tons of prey biomass per year. If sdmon condtitute
10.8% of the diet (Kaczynski and PaAmisano 1992), Hood Cand harbor sedls could be taking a substantia
number of salmon each year. Since summer chum salmon currently make up only about 1% of thetota
return of salmon (all species) to Hood Canal, seal predation rates on summer chum might be considered
to be modest, unless seals are specifically targeting summer chum populations.

In the summer of 1998, WDFW began amulti-year study of harbor seal predation on adult salmon near
the mouths of anumber of Hood Cana summer chum salmon spawning streams; Big and Little Quilcene,
Dosawallips, Duckabush, and Hamma Hammarivers (Jeffries et al. 1999). Direct observations of
seal/salmon interactions have been made in the vicinity of the river mouths on a three day per week
schedule, beginning in the first week of September, and ending just before the Thanksgiving holiday.
Preliminary resultsfrom thisstudy indicatethat harbor seal shavetaken substantial numbersof adult salmon
during the summer chum migration period. Estimated daylight total salmon predation numbersfor each
observation areaare: 243 fishin QuilceneBay, 113 fish at Dosewallips River, 96 fish at Duckabush River,
and 277 fishat HammaHammaRiver. These predation observations could potentially include summer
chum samon, fal chum salmon, coho saimon, and chinook salmon (pink salmon were not present in 1998).
For two systems, Quilcene Bay and the mouth of the Dosewallips River, estimates have been made of the
percent chum salmon taken by seal sduring predation eventswhen prey species could beidentified; 73%
chum salmon at Quilcene Bay (11 of 15kills), and 62.5% at DosewallipsRiver. Whilethe high chum
salmon predation ratesinclude both summer and fall chum (there areinsufficient observationsto reliably
estimate just summer chum predation), there clearly has been substantia sed predation on the 1998 return
of adult summer chum salmon in Hood Canal.

Thelack of census datafor harbor seals and sealionsin Hood Canal during the 1970s makes a direct
examination of the possible relationship of pinniped predation to the decline of summer chum salmon
impossible. The evidence for the substantial increase in the Hood Canal seal population since 1983,
indicates that in thelate 1970s, sealswere in much lower abundancein Hood Canal. Sealionshavea
relatively minor presence in Hood Canal.

In conclusion, it seemsunlikely that pinniped predation has been asignificant contributor tothe original
decline of Hood Canal summer chum salmon. It isapparent, however, that because of the now locally
abundant sed populations and the 1998 study preliminary results, showing substantial salmon predation at
themouths of summer chum streams, harbor seals may be an important factor that could dow therecovery
rate of Hood Canal summer chum salmon.
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Strait of Juan de Fuca - The NMFS (1997b) report does not provide estimates of pinniped population
sizesfor the eastern Strait of Juan de Fuca. They do identify Harbor seals and Steller sealions as being
present in marine areas adjacent to summer chum streamsin the region. There have been no reports of
unusual levelsof pinniped interactionswith summer chum salmon, anditisunknownif sealsor sealions
have contributed to the observed summer chum salmon decline. However, pinniped predation may dow
the recovery of summer chum salmon in this region.

2.2.3.7 Conclusions

Competition and predation impactson summer chum salmon - Fresh (1997) offersinsght into the
difficultiesin measuring theimpacts of competition and predation, and observesthat "... available datawill
rarely if ever beunequivocal." Theabovereview supportsthat assessment. Thereislittledirect evidence
availableto either document or refute the possibility of substantial competition or predation effectson
summer chumsalmon. Of thevarious potentially competitiveor predatory speciesdiscussed above, only
theincreased abundance of hatchery originfal chum salmon comes close to matching the period of decline
in the summer chum salmon populations. However, even this potentially negative relationship is
contradicted by alack of direct synchrony, ecologica differences between summer and fall juvenile chum
in marine waters, and the recent increases in summer chum salmon. While the currently available
information suggeststhat the hatchery fall chum salmon program is not having amagjor impact on summer
chum salmon survivals, uncertainty still existsand may warrant further investigation. Thegenerdly high
numbers of other hatchery salmonids released into Hood Canal streams during the period of declineare
likely to have contributed to the decline of summer chum stocks in that region.

A second important conclusion relating to potentiad competition and predation effects on Hood Cand and
Strait of Juan de Fuca summer chum salmon, is that increases in abundance of two species after the
decline may currently be affecting the survivas of summer chum salmon, and may ultimately dow recovery.
Wild fal chum samon have recently been very successful in Hood Cand, with some annua escapements
exceeding 100,000 spawners. Thereisapossibility that redd superimposition by fall chum salmon could
reduceintergravel survivalsof the earlier spawned eggs and devins of summer chum salmon. A second
specieswith the potential to affect the recovery of summer chum salmon isthe Pacific harbor seal. Over
thelast 25 years, harbor seal populationsin Hood Canal and the Strait of Juan de Fucahaveincreased at
about 5% per year and are now very abundant. Additionaly, preliminary resultsfrom a1998 WDFW sed
predation study in Hood Canal shows that there are substantial levels of seal predation occurring on
depressed summer chum salmon populations.
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2.2.4 Habitat

Of thefour generd topicsincluded in thisdiscussion of factorsfor decline, habitat issueshave adifferent
relationship to changesin survival and production of summer chum salmon. The basic approach of Part
Two isto document and eval uate any changesin factorsaffecting summer chum production that have
occurred in concert with the specific recent periods of declinein Hood Canal and the Strait of Juan de Fuca
regions. Ingeneral, habitat lossisalong-term, cumulative processthat leadsto gradua reductionsin the
productivity of fishand wildlife species. Itisrarefor abrupt habitat changeto occur on aregiona scdeand
affect salmon in multiple streamsacrossanumber of watersheds. Examplesof large scaenatura habitat
disruptionswould be the recent volcanic eruption of Mount St. Helens, and the forest fire that burned at
least hdf of the Olympic Peninsulain theyear 1308 (USFSand WDNR 1994). Nearly al human-caused
habitat loss occurs at amuch smaller scale; at the watershed, stream, or stream reach level. Some types
of habitat impact can cause substantial local losses to the productive capacity of the freshwater
environment, e.g. dam congtruction, or forest road building and logging. Other impactslikeland clearing,
stream bank armoring, and increasesin impervious surfaces have smaller immediateincrementd effects,
but added together and over time they can have amagjor negative impact. For adiscussion of local habitat
impacts on individual streams see Part Three, section 3.4 Habitat.

There are no observed region-wide changesin habitat that correspond in timing to the 1979 decline of
summer chum salmon in Hood Canal, or to the 1989 declinein the Strait of Juan de Fuca. Cumulative
habitat impacts have contributed to the decline, however, and habitat restoration must be amgjor part of
the recovery of summer chum samon in thetwo regions. Short- and long-term changesin habitat on alocd
scale have reduced the range of summer chum salmon, have affected their survival and productivity in
streams and estuaries, and have caused or contributed to the extirpation of populations of summer chum
salmon from streamsin theregion. These habitat related impacts have reduced theresiliency of summer
chum salmon, and in combinationwith the other factorsfor decline, haveled to the current depressed status
of these socks of fish. The primary objective of thisrecovery plan, to have hedlthy and harvestable stocks
of summer chum salmon, cannot succeed without a strong and comprehensive habitat protection and
restoration effort.

Thefollowing discussion will provideareview of thegenera habitat needsand factorslimiting production
for summer chum salmon. Two case studies from Hood Canal streams are also presented to show how
habitat aterations can cause severeimpacts on the surviva and production of summer chum salmon. This
section endswith adiscussion of the contribution of habitat change to the decline of summer chum salmon
in the region.

2.2.4.1 General Summer Chum Habitat Overview

Suitable salmonid habitat, including that of summer chum salmon, needs to provide for six key life
requirementsfor them to be productive and successful. Salmonids need adequate quantity and quality of
water. They need food for survival and growth. They need formsof shelter that provide protection from
predators and allow them to minimize energy loss. Salmonids need to beable to move within and between
habitat typesto fulfill their life requirements. They need clean and relatively stable gravel areasto
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reproduce. Theseliferequirementsareaffected by both natural processesand humaninfluenceson those
natural processes.

Many reviewers have summarized the life histories and habitat requirements of sdmon, and the effects of
natural and human eventsand activitieson salmonid survival and production. Palmisano et al. (1993),
NRC (1996), and Spenceet a. (1996) al provide good reviews of theseissuesand al have been utilized
in the preparation of this plan.

Summer chum salmon habitat includesall of the placeswhere they spawn, feed, grow, and migrate. Inthe
broadest sense, maintaining and protecting this habitat also protectsthe habitat of the prey speciesthat
make up the salmonid diet, and those upland areasthat directly affect the waters where sdmonids actually
live. Summer chum salmon aregeneraly foundinthelowermaost reaches of streams, however, their habitat
isaffected by overd| watershed habitat conditions. Some streamslikethe Skokomish River havefairly big
watersheds, while others like Big Beef Creek and Snow and Salmon creeks are only medium sized
watersheds. Estuaries, near and off shore marine areas of Hood Cand, the Strait of Juan de Fucaand the
open ocean are all part of summer chum salmon habitat.

Streamsin the HC-SJF region course through wilderness areas and national parks, industrial and non-
industrial forests, agricultural land, and rura and suburban residential landscapes. Land usesadjacent to
nearshore marine areas range from state and county parks, federal refugesto rura and urban residentia
development to industria harbors. All of these land uses affect the surviva and productivity of summer
chum salmon and must be considered in the recovery effort.

Theliferequirementsfor chum salmon are influenced through a combination of interrelated physical,
chemica and biological processes, and habitat conditions occurring over both short- and long-time scales,
and acrossavariety of land forms. Many of thesereationshipsare not well understood. Quiteoftenitis
very difficult, if notimpossible, to draw quantitative rel ationshi ps between habitat conditionsand salmonid
survival and production. Further, freshwater habitat/production relationships can be confounded by ocean
surviva conditions, inter- and intraspecific competition and predation relationships, and by avariety of
fishery impacts. Nonethel ess, chum salmon life requirements appear to be affected by habitat conditions
in the following manner:

C Water quantity (flow regime) isaffected primarily through basin hydrology, whichismanifested as
ingreamflows. Instream flowsareaffected by: 1) natural climatic, topographic geologic, soils, and
vegetative conditions; 2) land use activities; and 3) other in-and out-of-stream uses of water
(hydropower, irrigation).

C Water quality isaffected in part by basin hydrology and instream flows. Itisa so influenced by:
1) updope events such as soil erosion and land dides; 2) by the condition and extent of riparian
(near water) vegetation; 3) by the extent and function of wetlands; 4) by avariety of naturd and
chemica contaminants; 5) by stream channel and marine habitat stability and complexity; and 6)
by in-water activities such as dredging.

C Food supply and availability is affected by: 1) instream flows; 2) sediment quality, delivery
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and routing; 3) water quality; 4) riparian, wetland, and marine vegetation; 5) stream, lake and
marine habitat complexity; 6) the numbers of returning adult anadromous or resident spawning
salmonids; and 7) by predator-prey and species competition relationships.

C Shelter for rest and cover isinfluenced by hydrology, water quality, sediment qudity, delivery and
trangport, and by the extent and condition of riparian vegetation. Stream channelswhich possess
varied and complex habitat features such aslargewoody debris, rocksand boulders, and channd
features such asoverhanging banks, and avariety of water depthsand velocities, provide abundant
resting and hiding shelter.

C Fish access and passage are affected by hydrology, water quality, sediment qudity, delivery and
routing, riparian and wetland condition and extent, and floodplain connectivity. Fish passageis
further influenced by natural obstaclessuch aswaterfallsand human structuressuch asdams, dikes,
and culverts, and by some docks, breakwaters and piers in marine areas.

C Reproductionisinfluenced by al the above, but primarily by instream flows, sediment transport,
and water quality.

To sugtain and recover summer chum salmon populations, functiond and accessiblefish habitat isessentid.
Thisincludes both existing sdlmonid habitat in its present condition, aswell as degraded habitat in need of
retoration. It will aso require protection and restoration of the productive capacity of habitat. Areasused
by summer chum salmon to complete their life history needs must be protected or restored, including
instream, riparian, estuarine, and wetland ecosystems, and the upland activities and processesthat affect
them.

Protection of the existing habitat base should be the first priority for habitat actions. Such protectionis
usudly the most cost-effective initial mechanism available to ensure summer chum sustainability. Itis
immediate, efficient, and can dow or stop the trend of habitat loss. It also retains current summer chum
production capacity, and providesafoundation for future recovery and growth. Protectionisalsoreatively
inexpensive when compared to the cost of restoring summer chum salmon habitat.

However, given the current degraded state of summer chum habitat in the region, restoration must dso be
initiated. Restorationisalong-term activity. Inthisregion thereare many actionsthat could beinitiated
in the short term, however others may take many yearsto accomplish because of the cost and because
often a period of natural watershed healing is needed. Habitat restoration is a relatively new and
experimental science, andismore costly than protection. Restoration will becritical inthoseareaswhere
theexisting habitat baseisinsufficient to sustain summer chums, or where habitat degradation or lossisa
key cause of stock decline.

Protection and maintenance of wild slmonid habitat requires recognition of the continuum of aguetic and
terrestrial physical and chemical processes, biologica systems, and human influences on that continuum
(Vannoteet d. 1980). The stream continuum exigtsin alongituding fashion from the smallest rivulet, down
throughincreasingly larger streamsand rivers, into estuariesand eventually to the open ocean. Downstream
processes are linked to upstream processes through routing of water, sediment, and organic matter. Chum
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salmonin particular, sncethey spawn and rear very near stream mouths, are especially susceptibleto the
entirety of habitat conditionsand processesthat occur within awatershed, and thosethat affect estuarine,
marine and open ocean habitats within their migratory range.

2.2.4.2 Historical Habitat Impacts On Summer Chum Salmon

The following discussion reviews two examples of Hood Canal streams that have been affected by
Subgtantid habitat dterations, resulting in seriousreductionsin summer chum salmon survivasin onestream,
and contributing to the extirpation of summer chum salmon in the other stream. These examples are
presented here only to provide an overview of how changesin habitat quality and quantity can impact
summer chum salmon, and are not meant to be an examination of al habitat problemsinthese streams. A
comprehensve assessment of habitat-related factors affecting summer chum salmon in these two streams,
and in al other summer chum streamsin theregion is provided in Part Three, section 3.4 Habitat and in
detailed watershed descriptionsin Appendix Report 3.6.

Big QuilceneRiver Summer Chum Salmon - The Big QuilceneRiver flowsin asouth easterly direction
from its heedwatersin the Olympic Mountainsfor 18.9 milesto its confluence with Dabob Bay and Hood
Cand. Thebasin hasadrainage areaof about 70 square miles (Williamset a. 1975). With the exception
of asmal section of the extreme upper watershed, the entire drainage aboveriver mile4.0isinthe Olympic
Nationad Forest (USFSand WDNR 1994), and is managed for forestry and recreationd uses. Below river
mile 4.0, land uses are predominately residential, and some shellfish culture and limited agriculture.

Big Quilcene River habitat impacts - The habitat conditions of the watershed are described in detail
intheBig Quilcene Watershed Andysis (USFS 1994), and thefollowing are selected quotationsregarding
habitat impacts from the Executive Summary of that report.

"Pre-management disturbance regimes dictating vegetation patterns, sediment flow, and hydrologic
response were influenced by wildfires. These fires covered thousands of acres at a time with
frequencies of every 100-200 years. Large pulses of sediment routed through the watershed after fires
from landslides on steep slopes. These sediment pulses most likely caused dramatic changes in
channel location of the lower mainstem as the Big Quilcene River deposited this sediment. High
intensity storms, such as rain-on-snow may have produced smaller sediment peaks as the watershed
was recovering from these fires, particularly from landforms noted as being less resilient to changes
in hydrology. Road construction and timber harvest since the 1930s has produced sediment
disturbances similar to those after wildfires but without recovery intervals between disturbances.
Urban development and in-stream removal of large wood along the lower mainstem have reduced
channel habitat diversity by straightening the channel and removing roughnessin the channel. Water
diverted from the upper watershed and sediment deposition in the lower mainstem may have reduced
pool volume and channel depth. Vegetation removal has altered tempora and spacial distribution of
vegetation changing the character of habitat structure and distribution.

Present day demands for high quality and quantity of water for avariety of usesisamajor issuein the
watershed, particularly during low flow periods. The Big Quilcene River supplies water for municipal
and commercial uses and as well for aquatic species including salmon.

This assessment shows a generally poor condition of physical stream habitats, and thus, productive
capacity, within locally significant reaches of stream. Habitats within the WAU are poorly distributed
and quite dynamic under natural conditions. It is not possible to correlate fish populations (either
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standing crop or smolt output) with habitat conditions due to the effect of hatchery production.
Instream flows during the low-flow periods likely create a bottleneck in fish production, particularly
for highly valued anadromous fishes in the lowest reaches of streams in the WAU. Water
management and conversion of existing uses of the forest lands to urban areas or interfaces may be
more critical to the conservation and management of fish habitat and populations than patterns of
forest disturbance.”

The above quotation details only the effects of sedimentation on theriver channd. Part Three, section 3.4
Habitat and the Big Quilcene River watershed description in Appendix Report 3.6 provide more detailed
descriptions of sedimentation and other habitat problemsin the basin.

The above described habitat conditions cause major problemsfor summer chum salmoninthelower Big
Quilcene River. Sedimentsfrom the upper watershed are transported downstream by high flows, and
aggregateinthelow gradient reachesof thelower river. Asthe channd fillswith sediments, loca flooding
impacts are exacerbated, resulting in landowner desiresto channelize theriver, armor stream banks, and
inddl levees. Unfortunately, these are the same stream reaches used by summer chum salmon for spawning
and the subsequent incubation of eggsand aevins. Most of the remedial measures used to control flood
impactsresult in reduced hebitat quality, affecting the surviva of theloca summer chum salmon population.

Habitat impacts on summer chum salmon - A recent example demonstrates the type of impact that
even asingleflood control project can have on the salmon using the stream. In December of 1993, an
intenserain storm resulted in flooding on the Big Quilcene River, and caused abreech in alevee on the
lower river. The affected landowner, fearing damage to adjacent structures, conducted an unauthorized
channelization project, removing stream bottom material s from approximately athird of amile of the
channd. Thisproject took placeat atime period when the eggsand devins of summer chum salmon were
incubatinginthestream gravels. Anon-steinspection by WDF staff found that the entire stream bottom
in the affected reach had been severdly disrupted, resulting in thetota loss of dl incubating eggsand devins.
A subsequent evaluation determined that 29% of thetotal production of the 1994 summer chum salmon
spawning in theriver had been destroyed by this project (Uehara1994). Thisunfortunate impact on the
surviva of summer chum salmon in the Big QuilceneRiver occurredin ayear when only 89 totd spawners
had returned to theriver (Uehara1994), and when the stock was considered to bein critical status (WDF
et al. 1993).

Skokomish River Summer Chum Salmon - The Skokomish River isthe largest stream system in Hood
Cand, and higtoricdly has produced amgjor portion of Hood Cana salmon runs (Smoker 1952). Two
large tributaries, the North and South forks, come together at river mile 9.0 to form the mainstem
Skokomish River. Because of the extensive amount of habitat potentially provided by the Skokomish
system, it islikely that with pristine conditions (pre-development) this watershed was the largest producer
of summer chum salmonin Hood Cand. Most of the system has under gone extensive habitat dterations,
however, with negative consequencesfor indigenousstocksof salmon. Thefollowing examplewill discuss
only theimpactsof asinglelimiting factor (water withdrawal) on the summer chum salmon of the North
Fork Skokomish River. For amore detailed discussion of the habitat limiting factorsin the entire
Skokomish River basin, see Part Three, section 3.4 Habitat and the Skokomish River watershed
description in Appendix Report 3.6.
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North Fork Skokomish River habitat impacts - The North Fork Skokomish River flowsfor 41.9 miles
out of the Olympic Mountainsin agenerally southerly direction to its confluence with the South Fork
(Williamset d. 1975). Over 100 tributary streamsjoin the mainstem of theNorth fork to form awatershed
of 118 square miles (FERC 1996). Two mgjor featuresin the system are lakes Cushman and K okanee
which areformed by hydroe ectric dams, and represent the upper limit of anadromousfish utilization. The
area above Lake Cushman isamost entirely within the Olympic National Park, which maintainsthe
watershed and adjacent lands in a protected, natural condition. Below the reservoirs, land use is
predominately forestry, with some residentia and agyriculture uses near the confluence with the South Fork
(FERC 1996).

Thetwo hydrod ectric damswere built on the North Fork by the city of Tacoma; Dam No. 1 &t river mile
19.6 was completed in 1926, and Dam No. 2 at river mile 17.3 wasfinished in 1930. The upper dam
inundated the pre-exigting Lake Cushman and increased its S ze from about 322 surface acresto its present
4,010 acres. Mean annua stream flow at thelower dam Site has been estimated to be approximately 748
cfs. After the construction of the North Fork dams, virtually al flow wasdiverted from the system at the
lower dam until 1988, when 30 cfswas provided below the project (FERC 1996). Thislack of water
dischargefrom the dams combined with apartid diverson of thelargest downstream tributary (McTaggert
Creek), reduced the flowsin the North Fork to the point that at certain times of the year all of the water
disappeared into the ground, and portions of the stream weredry (WDF 1957). The 1957 WDF report
a so documented aspecific observation of asection of the North Fork with no surfaceflow in August 1954,
going dry first at apoint about ahaf mile above the mouth. These conditions of extreme low flow likely
occurred most often in late summer, at the time when summer chum salmon needed to accessthe stream
for spawning.

South Fork and mainstem Skokomish River habitat impacts- The South Fork Skokomish River
flowsfor 27.5 milesin a southeasterly direction to its confluence with the North Fork. From thejoining
of thesetwo mgor tributaries, the maingem flowsin ageneraly essterly direction for ninemilesto itsmouth
onthe southern end of Hood Cana (Williamset al. 1975). Mogt of the 124 square milesof drainage area
areinthe Olympic National Forest, with privateforest |ands, agriculture, and residential usesin thelower
watershed and along the mainstem (FERC 1996).

The same habitat ateration processes described above for the Big Quilcene River (USFS and WDNR
1994) have also occurred in the South Fork and mainstem Skokomish, only on a much larger scale.
Stream flows exhibit tremendous vol atility; with extreme flows during the period of record (1931-1996;
South Fork Skokomish USGS gage 12060500) varying from a high discharge of 21,600 cfsto alow of
just 62 cfs (Wiggins et al. 1997).

Massive downsiream sediment transport occurs from the South Fork, filling the mainstem Skokomish River
channel. Thesesedimentsare being released from heavily logged areas of the upper watershed (FERC
1996). Over the years, an extensve system of levees has been congtructed aong the lower river to protect
low-lying, flood pronelands. Astheriver channel between the levees hasfilled with sediments from
upstream, river bed elevations have risen, and flooding of lands adjacent to the lower river have increased
infrequency (FERC 1996). Multiple, damaging floods now occur virtualy every year in the Skokomish
River lowlands.
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Habitat impacts on summer chum salmon - Summer chum salmon probably ceased to exist as a sdlf-
sustaining stock in the Skokomish River syseminthelate-1960s or early 1970s. Only limited information
on the population size prior to that time period exists. Between 1935 and 1953 annual tribal net catches
of summer chum salmon in theriver in September ranged from 61 to 986 fish (Smoker et a. 1952). An
estimated 3,000 to 4,000 summer chum spawners were observed in the South Fork and mainstem on
October 1, 1954 (WDF 1957). A WDF assessment of Puget Sound salmon escapementsfor the years
1966-1971 estimated the Skokomish summer chum salmon average escapement to be gpproximately 300
spawners, and characterized the population as having "anegligible level of abundance" (Williamset al.
1975). In 1974 aWDF salmon status review listed Skokomish summer chum salmon adult returns as
"few," with escgpement levels"unknown™ (WDF 1974). By thefollowing year, summer chum sdmon were
no longer included asaviable stock in the Skokomish system inannual WDF status assessments (WDF
1975). A state-wideinventory of salmon and steel head stocksin 1992 (WDFW and WWTIT 1994), did
not find evidence of aviable, salf-sustaining summer chum stock inthe system. The question of the Satus
of the small numbers of summer-timed chum salmon that are sporadically observed in the Skokomish has
been reexamined for thisrecovery planning effort, and the same conclusion has been reached; thereis
currently no evidence of aviable summer chum stock in the system (see discussion in Part One).

North Fork summer chum salmon were likely extirpated from that stream as early as 1956. A Skokomish
tribal elder, Joe Andrews Sr., documented thisloss of summer chum salmon inthe North Fork Skokomish
River ina1991 interview conducted by the British Columbialndian Language Project. Speaking of the
North Fork Skokomish River:

"Frank Allen, however, especialy liked to smoke a summer run of dog salmon, a yellowish-colored
salmon that came upriver between July and September. Apparently this run was no longer available
after around 1956." (Bouchard and Kennedy 1997).

Supporting this account is a 1957 WDF report which stated:

"The chum salmon population now using the North Fork would not be especialy affected by this
extreme low flow and dry stretch. The chum salmon enter in mid-November after the river has
recovered and the dry period is over." (WDF 1957).

Thisreference indicatesthat only fal-timed chum salmon were using the North Fork in 1957. Thelack of
adequate migration and spawning flowsin the North Fork after the construction of the dams presumably
has been amajor contributor to the loss of summer chum salmon in that stream.

Theimpacts of habitat ateration have been devastating for those species or stocks of salmon that spawn
inthe South Fork and mainstem Skokomishinlate summer or early fal months. 1n 1961, WDF staff began
to conduct regular spawning ground surveys on the South Fork and mainstem Skokomish during
September and October. Since that time, summer chum have been only rarely observed; and over thelast
20 years the numbers observed are considered to be too low to represent a self-sustaining stock. The
extremelow flowsduring the early spawning periods, followed by severeflooding and massive sediment
movement have created asituation where eggs deposited by early spawning chum salmon using rifflesin
the main river channels havelittle chance of survival. These conditions havelikdy played amgor rolein
the extirpation of the summer chum salmon of the Skokomish system.
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2.2.4.3 Conclusions

Although no singleregion-wide habitat alterationisapparent during the periodsof summer chumsamon
declineinHood Canal or the Strait of Juan de Fucastreams, the cumulativeimpacts of habitat losshasbeen
asgnificant factor inthelowered surviva and production of thesefish. Asshowninthe casestudiesabove,
disturbance of critica habitat eements can cause reductionsin survivas, and in theworst case, extirpation
of stocks. Local summer chum salmon may be more vulnerable to these kinds of impacts than other
salmonids, becausethey are at the southern extent of their distribution and probably |ead a more tenuous
existence than more northern stocks.

Whilethe examples presented for the Skokomish and Big Quilcenerivers are extreme cases, smilar but
smdler scale habitat [oss has occurred on dl summer chum salmon streamsin theregion. These habitat
impactslower theres liency of thesummer chum popul ations, exacerbating any additiona negativeimpacts
onthesurvivasof thesefish. Habitat change has been amgor contributor to the decline of summer chum
salmon in Hood Canal and the Strait of Juan de Fuca (see section 3.4 and Appendix Report 3.6).

2.2.5 Harvest

Theearly higtory of fisheriesin Hood Cand and Strait of Juan de Fucais summarized abovein the Harvest
Datadiscussion of Part One(section 1.4.3). The"modern” eraof regiona salmon management beganwith
the 1974 Boldt Decision on Indian fishing rights. Traditiona Puget Sound fisheries changed in 1974 from
amixed-stock harvest approach to a more terminal pattern of fishing, to accommodate the necessary
alocation of returning fish to tribal and non-triba fisheries, and to provide for better fishery management.
Thisresulted in the movement of new and intensive non-Indian and triba net fisheriesinto the Hood Candl
termina area, which was previoudy asamon preserve that was closed for net fisheries and open for sport
fishing. The two summer chum stocks in Discovery and Sequim bays have been almost completely
protected from harvest within the bays (terminal areas). The summer chum stocks of both regions,
however, are affected by harvest in pre-termina areas, including catchesin the Strait of Juan de Fuca by
both U.S. and Canadian fishers.

Of thevariousactivitiesthat can affect the success of asamon population, harvest isusudly theonly factor
for which the numbers of fish taken from the population are routinely quantified. The effort to account for
the numbersof fishtaken in variousfisherieshasanumber of problems, one of which istheallocation of
mixed stock catchesto their appropriate stock of origin. In an attempt to deal with this problem for the
purposes of thisrecovery planning process, an improved runs ze database has been devel oped (see_Part
One, 1.4.4 Run Size). These summer chum salmon runsize datawill be used in section 3.5, Harvest
Management, to estimate expl oitation ratesto eva uate the contribution of fishery impactsto the decline of
summer chum salmon. These harvest data are thought to provide a reasonable measure of the general
impacts of fishing activities on summer chum salmon.
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2.2.5.1 Pre-terminal Harvest

The pre-termina management areasfor summer
chum salmoninclude al marinewaters seaward of
Hood Canal and Discovery and Sequim bays.
Summer chum salmon are harvested in these areas
during fisheries for other species of salmon,
primarily pink and sockeye salmon. During the
time period that summer chum salmon are present,

Pre-terminal Area

Marine waters where specific stocks
(or groups of stocks) are mixed with
fish returning to other regions. These
areas for summer chum salmon
include all marine waters of

management authority is vested in the Pacific Admiralty Inlet, the Strait of Juan de
Salmon Commission (PSC) for most of the pre- Fuca, and the Pacific Ocean
terminal areas (Admiradty Inlet excepted). Since seaward of Hood Canal and
these PSC fisheries are directed at Fraser River Discovery, Sequim, and Dungeness
pink and sockeye stocks, seasonsand exploitation bays.

rates are based on the annual abundance of those
species. Summer chum salmon have been
incidentally harvested during thesefisheriesat exploitation rates based on the needs of Fraser River runs.

Accounting for dl harvests of summer chum salmon has been adesired objective of the on-going restoration
planning effort. Accordingly, beginning in 1995, tissue samplesfor genetic profiling of summer-timed chum
have been collected from amgjor Strait of Juan de Fucafishery (Canadian Area20). The WDFW Genetic
L ab andyzed theresulting samples using alozyme e ectrophoresis techniques, and estimated that for the
1995-1997 seasonsHood Canal and Strait of Juan de Fucasummer chum salmon contributed an average
of 49% of the chum samon sampled. Annud resultswere; 31% in 1995, 68% in 1996, and 49% in 1997
(Larry LeClair, WDFW, persona communication). The sample datawere used to estimate total annual
catch of Hood Cana and the Strait of Juan de Fuca summer chum salmon in PSC fisheries prior to
September 16 for each year from 1974 through 1997 (see Appendix Report 1.3 for methods). Admiraty
Inlet summer chum harvests were apportioned to Hood Cana and the Strait of Juan de Fuca using run-
reconstruction methods.

An examination of 1974-1997 U.S. pre-terminal exploitation rate on an annual basis (Table 2.8) shows
that there has been no meaningful changein the exploitation rates on summer chum salmon corresponding
to the decline of Hood Cana summer chum stocksin 1979 and subsequent years, or for Strait of Juan de
Fuca stocks beginning in 1989.
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Table2.8. Annual U.S. pre-terminal exploitation rates and harvest for Hood Canal and the Strait
of Juan de Fuca summer chum salmon stocks, 1974 to 1998.
Return Pre-terminal Estimated Return Pre-terminal Estimated
years exploitation har vest years exploitation har vest
rate rate
1974 0.023 378 1987 0.024 147
1975 0.019 600 1988 0.032 310
1976 0.045 3,383 1989 0.081 426
1977 0.042 785 1990 0.022 45
1978 0.025 719 1991 0.088 230
1979 0.098 1,025 1992 0.027 129
1980 0.031 557 1993 0.065 98
1981 0.095 666 1994 0.026 80
1982 0.036 428 1995 0.006 66
1983 0.059 279 1996 0.005 103
1984 0.014 73 1997 0.004 46
1985 0.101 487 1998 0.008 41
1986 0.018 167

A subgtantid increasein Canadian Area 20 exploitation ratesis gpparent during the four year period from
1989 through 1992 (Table 2.9). The 1989 and 1990 Area 20 exploitation rates were respectively the
highest (43.2%) and third highest (33.4%) in the 24 year data base. The two following years had
exploitation rates of 18.5% (1991) and 20.6% (1992); both years well above the 25 year average rate of
11.1%. Since 1989, the Canadian Area 20 fishery harvested an average of 76% of thetota pre-termina
catch. For the 1993-1998 period, Area 20 pre-terminal exploitation rates returned to lower levels,
averaging 4.7% and ranging from 1.5 to 14.2% annually. Therelatively high exploitation rates between
1989 and 1992 coincided with the severe drop in escapements of Strait of Juan de Fucasummer chum
salmon beginning with the 1989 return year.

Table2.9. Annual Canadian Area 20 exploitation rates and harvest for Hood Canal and the Strait
of Juan de Fuca summer chum salmon stocks, 1974 to 1998.
Return Area 20 Estimated Return Area 20 Estimated
years exploitation har vest years exploitation har vest
rate rate
1974 0.086 1,399 1987 0.063 390
1975 0.034 1.064 1988 0.075 738
1976 0.075 5,705 1989 0.432 2,273
1977 0.049 913 1990 0.334 696
1978 0.025 701 1991 0.185 438
1979 0.057 591 1992 0.206 980
1980 0.053 980 1993 0.044 67
1981 0.131 915 1994 0.142 451
1982 0.187 2,219 1995 0.042 458
1983 0.006 28 1996 0.015 338
1984 0.062 314 1997 0.019 198
1985 0.336 1,620 1998 0.018 98
1986 0.088 796
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2.2.5.2 Terminal and Extreme Terminal Harvest

As defined by the co-managers, the terminal .

. - Terminal Area

fishery management areasfor theregioninclude

most of the marine waters of Hood Canal Vi weiEs fea dhe uliiieie
(Ma‘llagement Aress 12, 128} and 12C). .Extreme freshwater destination of specific
terminal management areasinclude marine areas salmonid stocks (or groups of stocks)
12A, 12D, Discovery and Sequim bays where they have separated from fish
(Management Area 6B), Dungeness Bay (6D), returning to other regions.

and all rivers where summer chum salmon are

present. Hood Cand isintensively fished by tribal Extreme Terminal Area

and non-triba net fishers, whilethe Strait of Juan

de Fuca terminal area bays are essentially Marine or freshwater areas where
regulated for no net fishing. Because of these salmonids of a single stock or
patterns of regulation and fishing, the following management unit have separated
discussionwill focuson Hood Candl termind area from fish of other stocks.

harvest.

Astribal and non-tribal net fisheries moved into Hood Canal in the years following the 1974 Bol dt
Decison, fishery exploitation rates changed dramaticaly for most sdmon stocksin theregion. Four sdmon
gpecieswere present as both wild and hatchery populationsin Hood Cand (sockeye excepted), and fishery
managers werefaced with the problem of run timing overlapsthroughout the fishing season. In an attempt
to deal with this problem, the wild and hatchery components of each species were designated as having
either "primary” or "secondary” management status (HCSMP 1986). Primary stockswould be managed
for directed fisheriesin mixed stock fishing areas. Secondary stocks would be subjected to seasons and
exploitation ratesin mixed stock areasthat were suitablefor primary stocks present inthe sameareas. The
co-managers designated Hood Canal summer salmon to have a™secondary stock™ management status,
which meant that any harvest would be incidentd to fisheriesdirected at other species; mainly coho and
chinook salmon which had aprimary management status. Mixed stock exploitation ratesand seasonswere
established annually based on the abundance of coho and chinook salmon, resulting in high exploitation
rates on summer chum salmon in some management areas. Tynan (1992) examined the effect of termina
harvest on summer chum escapementsfor the years 1968-1991, and concluded that high exploitation rates
had contributed substantially to reduced escapements.

Theissue of harvest impacts has been reexamined as apart of thisrestoration planning effort (see Part
Three, section 3.5 Harvest Management). The newly derived runsize and exploitation rate estimates are
described in Appendix Report 1.3, and are used in the following discussion.

Pre-termina exploitation rates did not show ameaningful changein the years before and after 1979, but
Hood Canal termina exploitation rateswent from essentially zero to ratesthat ranged between 14.7%to
71.9% for theyears 1975-1991. Tota exploitation rates (including pre-terminal harvest) ranged from
21.4% 10 80.6% for the same span of years (Table 2.10). During thefirst six years of the Hood Canal
fisheries (1974-1979), summer chum salmon total exploitation rates averaged 30.8%, and ranged froma
low in 1974 of 11.1%to ahigh of 59.7%in 1976. Thereturnin 1976 wasin excess of 74,000 fish, and
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even with the high exploitationrate, over 27,000 spawners escaped to Hood Canal streams. From 1980
through 1991 Hood Cand summer chum salmon were subjected to high total exploitation rates (averaging
57.1%), withthemgority of theimpact occurringin thetermina areafisheries (average 46.9% exploitation
rate).

Hood Canal summer chum escapements began to decline precipitoudy in 1979. Tota exploitation rates
in 1979 were arelatively modest 30.2%, and the period of congstently high exploitation rates began the
following year (Table 2.10). The 1979 escgpement waslikdly depressed by environmenta conditions that
resulted in record low returns of chum salmon statewide in that year (see discussion in section 2.2.2
Climate). After 1979, summer chum escapementsand runs zes dropped in concordancewith theincreased
total exploitation ratesimposed on the returns (Table 2.11). 1n 1992 co-managers began to adopt
protective harvest management provisions, which included timeand areaclosuresand mandatory rel ease
of summer chum samon in most fisheries. Theresult wasthe dimination of nearly dl termind areaharves,
with exploitation rates ranging from 0.3% to 2.1% for the 1993-1998 seasons (Table 2.10). With virtualy
all of thetermina run escaping, the number of summer chum spawnersin Hood Cand streams averaged
over 9,000 fish per year over the last five years (Table 2.11).

Table2.10. Annual terminal and total exploitation rates for Hood Canal summer chum salmon
stocks, 1974 to 1998.*
Return Terminal Total Return Terminal Total
years exploitation exploitation years exploitation exploitation
rate rate rate rate
1974 0.002 0.111 1987 0.719 0.806
1975 0.254 0.308 1988 0.367 0.474
1976 0.476 0.597 1989 0.352 0.864
1977 0.224 0.316 1990 0.347 0.702
1978 0.164 0.214 1991 0.388 0.660
1979 0.147 0.302 1992 0.064 0.296
1980 0.624 0.708 1993 0.021 0.130
1981 0.348 0.574 1994 0.011 0.179
1982 0.448 0.671 1995 0.003 0.052
1983 0.685 0.750 1996 0.006 0.026
1984 0.490 0.567 1997 0.019 0.043
1985 0.300 0.737 1998 0.007 0.003
1986 0.565 0.671
1 Summer chum salmon returning to the Hood Canal terminal area experience varying exploitation
rates in the various management units. See Part Three - section 3.5 Harvest Management for
discussion.
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Table2.11. Fiveyear average summer chum salmon pre-terminal, terminal, and total
exploitation rates and escapements for Hood Canal stocks, 1974 to 1998.
Pre-terminal Terminal Total Hood Canal
Return years rates (%) rates (%) exploitation escapements
rates (%)
1974-78 85 224 34.3 17,773
1979-83 15.1 45.0 61.1 3,238
1984-88 16.3 48.8 65.8 1,760
1989-93 29.6 234 53.6 978
1994-98 5.7 0.9 6.7 9,028

2.2.5.3 Conclusions

Exploitation rate estimates for Hood Canal and the Strait of Juan de Fuca summer chum stocks show
increases in exploitation rates that relate to the declinesin both regions.  In the case of Hood Canal
summer chum salmon, the added impacts of indirect harvestsin the terminal areafisheries (after 1974)
combined with ardatively consstent leve of pre-termind catch have contributed substantialy to the decline
and subsequent continuing low production levels. The fact that these stocks are at the southern limit of
summer spawning chum salmon may mean that they haveanaturally lower level of productivity, making
them less able than wild fal chum stocks to be successful with levels of exploitation rates shown in Table
2.11 (34% to 66%).

Strait of Juan de Fucasummer chum salmon declined abruptly in 1989, which wasthe sameyear that the
Canadian pre-termind exploitation rate peaked at 43.2% (Table 2.9), afourfold increase from the 1974
t0 1998 mean of 11.1%. Canadian pre-termina exploitation ratesin the following three yearsranged from
18.5% to 33.4%, and were substantially higher than average. These higher exploitation rates likely
contributed to the lowered escapements of summer chum salmon in the streams of Discovery and Sequim
bays after 1988.

2.3 Rating of Factors For Decline

2.3.1 Introduction

The abovediscussons of factorsfor decline have considered theimpactsof individud factorsasif no other
impactswere occurring. Itisclear, however, that the declines of summer chum salmonin Hood Canal and
the Strait of Juan de Fuca have been the result of the cumulative impacts of anumber of factors. This
section will ratethe variousfactorsfor decline and discussthe cumulative impacts. Therewill dsobea
discussion of factorsidentified abovethat will influence the recovery of summer chum salmon. Some of
thesefactorsfor recovery have beeninvolved in the reductionsin summer chum salmon survivasand run
sizes, while others are more current in origin and likely did not contribute to the declines.
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2.3.2 Ratings

Among thefactorsfor decline, only the effects of harvest can bereadily quantified. Because of this, the
ranking of the variousfactorsfor declineis necessarily asubjectiveprocess. Thefollowing four categories
areused to rate the various factorsfor decline discussed above: 1) mgor impact, 2) moderate impact, 3)
low or not likely impact, or 4) undetermined impact.

Thosefactors categorized as having amgor impact are ones of such sgnificancethat individudly they could
have caused substantial long-term reductionsin survivalsand run sizes. Thereversal of factorsinthis
category would likely lead to rapid recovery of the summer chum stocks. Moderate rated factors are ones
that individually could cause short-term reductionsin survivals and run sizes, but inthe absence of other
negativefactorsarenot likely to havealong-termimpact. Low or not likely ratings arefactors consdered
to bewithintherangeof normal surviva factorsfor summer chum salmon. The undetermined category
isused for thosefactorsthat may have negative consequences, but supporting dataare not available. The
ratings of factors for decline are discussed below and are presented in Table 2.12.

Table 2.12. Ratings of region-wide factors for decline of summer chum salmon in Hood Canal and Strait
of Juan de Fuca streams.
Impact ratings: UuUuU Mgor UU Moderate U Low or not likely ~ ? Undetermined
Factor Hood Canal Strait of Juan de Fuca
Climate
Ocean conditions ? ?
Estuarine conditions ? ?
Freshwater conditions uu uuu
Ecological Interactions
Wild fall chum U U
Hatchery fall chum u? U
Other salmonids (including hatchery) uu U
Marinefish U U
Birds U U
Marine mammals U U
Habitat
Cumulative impacts uuu uuu
Harvest
Canadian pre-terminal catch U uu
U.S. Pre-terminal catch U U
Terminal catch uuu U
2.3.3 Climate

The effects of climate on the success of summer chum salmon has three broad components; ocean,
estuarine, and freshwater surviva. Theimpacts on sdmon survivasin each of these areasisinfluenced by
climate regimes of decadal length periodicity inthe North Pacific Ocean. Thelast documented ocean
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regime shift occurred in 1977, and relates to changesin local weather patterns. The Pecific northwest has
experienced warmer, dryer weather conditionssince 1977, and for the Hood Canal and the Strait of Juan
de Fucaregion, this has resulted in lower stream flows during the summer chum spawning period
(September/October) and higher flood flows during incubation (October through March). These
conditions havelikely resulted in reduced egg to fry survivasfor summer chum salmonin region streams.
Theimpact of climate on summer chum salmon freshwater survivasisrated as moderate for Hood Cand
stocks, primarily becausethereis substantia variability in the observed stream flowsand not dl yearshave
had flow patterns cons stent with negativeimpactsfor thesefish, and becausethe reductionsin spawning
flowsdid not occur until 1986. The concordance of the 1986 reduction in spawning flow in Strait of Juan
de Fuca streams resultsin amajor impact rating for summer chum stocks in that region. The increased
frequency of damaging flowsduring spawning and incubation contributesto lower survivals, andisafactor
that potentially will slow the recovery of naturally spawning summer chum salmon.

Theimpacts of ocean climate conditions on the surviva of summer chum salmon during their period of
estuarine and ocean residenceis also important. The current ocean regime shift has changed patterns of
temperature and freshwater runoff, which likely influence conditionsin estuaries. Ocean water temperatures
and plankton abundancesin the North Pacific also have changed, contributing to strong returns of many
Alaskan and Canadian salmon stocks. It isassumed that the ocean survivas of Hood Cand and the Strait
of Juan de Fuca summer chum salmon stocks also have been affected, however, the data do not exist to
determine the nature and degree of change. The effects of ocean conditions on summer chum salmonin
both the estuaries and ocean have been rated as undetermined.

Themaor reductionin stream flowsshownfor the 1986 and | ater yearslikely hasbeentheresult of climatic
change, but may still be exacerbated by water withdrawal s or other human caused impactson specific
sreams. Many water withdrawals and other flow dtering events have occurred prior to 1968, and current
stream flow patterns represent the residua water supply available after any permanent flow aterations.
Thisanaysis examined the evidence for recent changes in stream flow patterns, but did not addressthe
overall issue of adequacy of flow for fish production.

2.3.4 Ecological Interactions

Of thevarious potential competitor or predator species considered, none are thought to have played a
significant roll in the decline of summer chum salmon. Datarelating to various salmonid, marinefish,
predatory bird, and marinemammal popul ations have been examined for evidence of changes coincident
with the decline of summer chum salmon. Only hatchery fal chum have shown achangein abundancethat
generaly related to the period of declinein Hood Canad. Because of the large magnitude of releases of
hatchery sdmonidsinto the streams of Hood Cand during the period of summer chum decline, and because
of thehigh potentia for negativeinteractionsresulting from theserel eases, hatchery salmonidshavebeen
rated as having a moderate impact on Hood Canal summer chum stocks. All Strait of Juan de Fuca
potential competitor or predatory specieshave been rated as having alow or not likely impact. Because
of recent increasesin abundance, wild fall chum salmon and marine mammals have been identified as
potential factors that may impede recovery.
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Thereisavery large hatchery program for fall chum salmonin Hood Canal, and it has been posited that
juvenile hatchery fal chum may have anegative competitive effect on summer chum salmon survivas. The
existing evidencesuggeststhet thereisno substantive negativeinteraction between thesetwo typesof chum
salmon, however, the question must be considered to be unresolved at thistime. The potential impact of
hatchery fall chum salmon has been placed in the undetermined category.

2.3.5 Habitat

Theimpact of habitat dteration on the summer chum stocks of the region has an unique rdlationship to the
survival and runsize changesin these populations of fish. Habitat degradation and lossisusualy the result
of the cumulative impacts of changesin theland and agquatic environments. Itisrelatively unusua for a
single habitat ateration to have aregion-wideimpact, and in Hood Cana and the Strait of Juan de Fuca
no wide-spread habitat impacts have been observed during the recent periods of summer chum salmon
decline. Individua streamshave experienced cumulative reductionsin habitat capacity and productivity
from avariety of sourceslike forestry, road building, resdential construction, stream flow ateration,
channdization and diking, etc. Over theyearsthishasresulted in thelossof populations(e.g., Skokomish)
and caused habitat related reductionsin survivalswhich have combined to lower the overdl resiliency of
the existent summer chum salmon populations. Thiseffect has contributed to increased vulnerability of the
stocksand has played amajor part inthe declines. The cumulative effects of habitat change have been
rated as amajor impact on summer chum salmon. See section 3.4 and Appendix Report 3.6 for more
detailed discussion of habitat decline.

2.3.6 Harvest

Two different types of harvest have contributed to the decline of summer chum salmon of the region; pre-
terminal fisheriesin the Strait of Juan de Fuca, and terminal fisheriesin Hood Canad. For Hood Canal
summer chum stocks, pre-terminal harvestsoccur annually, primarily infisheriesfor pink and sockeye
salmon in the Strait of Juan de Fuca. Theimpact of these fisheries during the period of decline of Hood
Cand stockshashbeenrated low. After 1974, an added level of fishery exploitation began to occur inthe
termind area, resulting in high exploitation ratesthrough the 1980s. Termina harvest hasbeenrated asa
major impact on Hood Canal summer chum salmon.

For Strait of Juan de Fuca summer chum stocks, pre-terminal harvests have been rated as having a
moderateimpact. Exploitation rates have increased substantially in Strait of Juan de Fucafisheriesin
concert with the 1989 drop in summer chum salmon escapementsto region streams. There have beenno
meaningful terminal area harvest of these stocks, which resultsin alow or not likely impact rating.

2.3.7 Cumulative Impacts

Three primary factors have combined to cause the decline of summer chum salmon in both Hood Canal
and Strait of Juan de Fuca streams;, habitat |oss, fishery exploitation, and climate related changesin stream
flow patterns. An unusual feature of the declinesisthat the summer chum salmon of thetwo regions have
been affected by smilar factors, but the declines have occurred ten yearsgpart. The summer chum samon
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of both regions have experienced concurrent changesin critical stream flows and increased fishery
exploitation rates. While this discussion hasfocused on region-wide change, individua stockslikdly have
been differentially impacted by theidentified factorsfor decline. Moredetailed assessmentsat the stock,
watershed, and management unit level are presented in Part Three.

2.3.7.1 Hood Canal

The continuous and cumulative reduction in habitat productivity and capacity influences summer chum
salmon by lowering survival rates (population resiliency) and reducing potential population size. Thusit
appears that when Hood Canal summer chum salmon began to experience the added pressures from
climate change and new fishery exploitation, the populations collapsed. 1n 1979, summer chum run sizes
and subsequent escgpementswere very low because of theeffects of unfavorable stream flowson the 1975
and 1976 brood production. Thispoor performance was evident in chum salmon stocks statewide. The
Hood Cand summer chum populations (with theexception of Union River) werethe only chum stocksthat
did not immediately recover from thelow return levels of 1979. The new post-Boldt net fisheriesin Hood
Cand, when combined with pre-termind harvests, began toimpose high exploitation rates on summer chum
salmon in 1980, contributing to low escapements through the 1980s. At the sametime, oceanic climate
changesinfluenced regiond wesather patterns, resultingin unfavorable stream flows during the summer chum
sd mon eggincubation seasons. Spawning flowsa so dropped substantialy in 1986 (likely climaterelated),
and contributed to the continuing poor status of these stocks. The current low production of Hood Cana
summer chum salmon appearsto be the result of the combined effects of lower survivas caused by habitat
degradation, climate, increasesin fishery exploitation rates, and the impacts associated with the rel eases
of hatchery salmonids.

2.3.7.2 Strait of Juan de Fuca

The pattern of decline of summer chum salmon in Strait of Juan de Fuca streams was smilar to the Hood
Canal experience, however, the drop in escapements occurred ten years later, in 1989. Theimpact of
habitat dteration likely had smilar negativeimpactson stock survivasandresliency. Thesesummer chum
stocks were dso affected by a coincidental concurrence of changesin stream flows and exploitetion rates.
Regiona stream flows during the spawning season dropped substantially in 1986, and likely contributed
to lower returnsbeginning in 1989. There were no termind area harvests of summer chum salmonin this
region, however, these fish were harvested in pre-termind fisheriesfor other sdmon species. In 1989, the
pre-terminal exploitation ratesincreased substantialy, reducing the numbers of summer chum salmon
escaping to Strait of Juan de Fucastreams. The combined effects of reductionsin habitat quality, stream
flows, and fishery exploitation resulted in low summer chum salmon production in the region.
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2.4 Factors Affecting Recovery

Thisgenerd assessment of factorsfor declineof summer chum salmon hasfocused specifically on changes
infish production and potentia surviva factorsthat occurred twenty yearsagoin Hood Cand andtenyears
ago inthe Strait of Juan deFuca. Severd factors have been surmised to have had amagor negative impact
on summer chum salmon survivasand runsize, and others have had moderate or low impacts. Because
of thetimethat has passed sincethe declinesin the two regions, recovery may not involvejust thefactors
that contributed to the decline. Some of the factors discussed above may not have had mgjor, or even
moderateimpactson thedeclinesof summer chum samon, but now may befactorsthat will dow recovery.

Anexampleof such animpediment to recovery isthe current high abundance of marine mammasin Hood
Cand. Twenty years ago, harbor seals were in low abundancein Hood Canal, and are unlikely to have
significantly contributed to the summer chum salmon decline. In the intervening years, the local seal
population has expanded to the point that a recent NMFS review of marine mammal predation on
salmonids (NMFS 1997b) has stated the possibility that pinniped predation may affect the recovery of
summer chum salmon. Preliminary results from a 1998 pinniped predation study on a number of Hood
Cand summer chum streams show substantia predation on returning adult sdmon, and that aconsiderable
portion of this predation is occurring on summer chum stocks.

Climate change and itsaffect on stream flowsisanother factor that hasthe potential to dow therecovery
of summer chum stocks. The noted reductionsin average spawning flows coupled with theincreasesin
peak flows during incubation, undoubtably have had a negativeimpact on survivals. Whilenot al years
experienceflowsthat are negativefor survivas, theoverall effect may dow the potential rate of recovery.

Depensatory mortality (where mortality rates
increaseas population size declines) isabiologica
factor that may aso dow recovery, particularly for
very small populations. Peterman (1977) has
demongtrated the existence of multiple domains of
gtability in salmon popul ations, where depensatory T
mortality can cause population abundance to compensatory mortality where the
stabilize at low levels after acollapse. Predation mortality rate decreases as the
and fishery exploitation are two factorsthat can population size decreases.

affect depensatory mortality and causeasalmon
population to stabilize in alower domain, and it
can be difficult for adepressed population to recover to ahigher leve if the depensatory processes can not
be changed. Density dependent mortality may in part explain why some popul ationsdo not recover after
ashort termreductioninsurvivd (e.g., thedecline of Strait of Juan de Fucasummer chum salmon after four
yearsof high pre-terminal exploitation rates). Fishery exploitation rates can belowered in favor of the
depressed population, but, it may not be possible to reduce the natural levels of predators or to rapidly
restore degraded habitat that may be holding a population in alower domain. This situation may

Depensatory Mortality

Mortality is depensatory when its rate
(i.e., proportion of population that dies)
increases as the size of the population
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substantialy dow recovery of some small summer chum salmon populations, and in the worse cases may
require that active intervention (e.g. supplementation) be used to help the population to recover.

There have also been anumber of factorsthat are positive for summer chum salmon recovery. Oneisthe
successful reductionin Hood Canal terminal areaexploitation rates, beginning with the 1993 return year.
The average terminal area harvest has been just over 1% during the 1993-1997 seasons. Successful
supplementation projectsontwo stocksareincreasing the numbersof returning summer chum adultstotwo
sreams. There have aso been meaningful changesin the management and culture of hatchery sdlmonids
intheregion, designed to reduce negativeinteractionswith summer chum juveniles. Thecombined effects
of these changesin summer chum salmon management have contributed to theincreased escapementsin
recent years. However, additiona measures, particularly with respect to habitat protection and restoration,
are required for successful recovery of summer chum salmon.
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